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The nursery/greenhouse industry is innovative. There have been several reports in the
popular literature of non-traditional adjuvants used in plant propagation; however, these claims
have never been evaluated in a scientific setting. Five studies, conducted at the South Mississippi
Branch Experiment Station in Poplarville in 2019 and 2021 determined the impact that adding
honey to water-soluble auxin solutions and surfactants to foliar applied auxin solutions on
physiological responses associated with adventitious root formation. Treatments in studies
presented in chapters two and three included three honey sources (multiflora, local, and
Manuka). Honey-infused water-soluble auxin solutions affected plant species but not in the
measured physiological responses. Studies presented in chapters four and five examined the
impact of water-soluble auxin solutions containing non-ionic surfactants on physiological
responses compared to the industry standard basal quick-dip. Like our results for honey, adding
surfactants to foliar-applied auxin solutions was species-specific. However, for difficult-to-root
species, a foliar auxin application led to similar rooting compared to the current industry
standard. For this reason, we recommend a foliar application for rooting Magnolia grandiflora
‘Southern Charm’. Finally, the study presented in chapter six examined the auxin application

method, surfactant concentration, and seasonal impacts in rooting challenging to propagate
species. The season that cuttings were taken had a significant impact on several of our tested
responses. In addition, the auxin application method was also significant. To this end, we can
recommend treating fall cuttings with a foliar auxin application for the best results.
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CHAPTER I
LITERATURE REVIEW
Introduction
The nursery/greenhouse industry is innovative. The Horticultural Research Institute
(HRI) represents the green industry and sets research priorities, among which are issues related
to labor challenges related to limited workforce availability, demand for higher wages, and the
increasing diversity of needed skill sets as well as increased use of technologies and methods that
impact efficiency, labor, and supply chain movement (Horticulture Research Institute, 2019).
Owen et al. (2019) surveyed industry professionals in the field of environmental horticulture
production (EHP) and found labor and employment to be among the most pressing issues.
Industry employment opportunities are evolving towards higher-wage positions as availability of
labor decreases and the desired skill sets diversify based on the needs of nursery operations
(Owen et al., 2019).
Auxin application methods can impact both labor efficiency and skill (Sabatino et al.,
2019). Regarding propagation management, one of the main disadvantages of the current
industry standard, the basal quick-dip, for applying auxin can result in wide variability in rooting
as several people are responsible for treating cuttings. Nurseries that have moved to alternative
methods of applying auxin have seen previous rooting variability mitigated by placing one
person in charge of rooting hormone application (Drahn, 2007; Decker and Graff, 2016).
Additionally, the nurseries that have switched to foliar-auxin applications have seen reductions
1

in the amount of labor needed during the auxin application process, freeing up that labor pool for
other tasks needed around the nursery. Developing improved auxin application methods also
impacts issues regarding chemical use, chemical safety and employee safety (Blythe et al., 2007)
Several commercial auxin products are readily available on the market today (Blythe et
al., 2007). These products generally contain indole-3-butyric acid (IBA), 1-napthalene acetic
acid (NAA), or a combination of the two (i.e., Dip N’ Grow) and are found in a range of
formulations (i.e., liquid, talc, or water-soluble salts) (Blythe et al., 2007). In the industry, liquid
formulations and water-soluble salts are the preferred carrier materials for auxin due to a long
history of successful use. One of the downsides of using liquid-based auxin with isopropyl
alcohol as the carrier agent is desiccation occurring on the treated ends of cuttings (Drahn, 2007).
In this case, the alcohol acts as a desiccant and draws moisture from the cutting, potentially
leading to cutting death.
When applying talc powder-based formulations of rooting compounds, it is generally
placed into a short container for ease of access. Before sticking in the production flat, cuttings
are grouped together into bundles for more efficient treatment and the basal ends of these
bundles are pre-moistened with water and then subsequently dipped into the talc powder and
tapped lightly to remove any excess powder. Finally, the cuttings are inserted into the
propagation flats (Boyer et al., 2013).
Applying water-soluble salts are comparable to talc powder application, with notable
changes. To begin, determine the desired concentration (ppm) to be applied along with the
volume of the final solution that will be needed. Next, the amount of concentrated water soluble
salts needed to achieve the desired concentration should be weighed out and transferred to a final
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container with sufficient volume to mix the salts. Finally, add enough distilled water until the
final volume has been reached (Boyer et al., 2013).
Propagation workers are exposed to auxin-containing compounds when sticking cuttings.
Due to classification of plant regulators as pesticides under the Federal Insecticide, Fungicide,
and Rodenticide Act of 1988 (FIFRA), precautionary labeling that includes information on
health hazards, restricted entry interval (REI), and personal protective equipment (PPE) under
the Worker Protection Standards (WPS) of FIFRA must be placed onto these materials (Blythe et
al., 2007). According to the U.S. Environmental Protection Agency (EPA) (2002), auxins are
non-toxic to humans and animals. Still, solvents used in carrying auxin can irritate the user if
proper safety gear is not used. For example, Dip ‘N Grow is a concentrated auxin solution using
alcohol as the solvent and is commonly diluted and basally applied to a cutting as a quick-dip.
The label specifies that users avoid eye contact, avoid breathing vapors, and wear long-sleeved
shirts, pants, and gloves to limit contact with the skin (Pavitt, 1995). The label of many rootpromoting compounds requires PPE during dilution, mixing, and application. While the volume
of root-promoting chemicals used in the green industry is small compared to other agricultural
sectors, changes in the method of applying these chemicals can help improve employees’ wellbeing and job satisfaction in a number of ways, including the number of employees responsible
for handling these chemicals and lowering the concentration being used. The Occupational
Health and Safety Administration (OHSA) (2002) suggests that work practice changes can be
used to avoid situations where the use of prolonged use of PPE is required.
Moving from quick-dips to foliar auxin applications reduces the high labor cost of handdipping. One nursery reported that the switch from hand-dipping to foliar applications saved 29
labor hours per propagated crop and freed up seven laborers that could then be moved to other
3

tasks in the production area (Drahn, 2007). Limiting the number of employees that apply auxin
to a few trained and licensed individuals decreases employee exposure to auxin and reduces
variability in rooting that may occur using the quick-dip method. Foliar applications of auxin
also reduce the cost of auxin-containing products used in propagation by lowering application
rates compared to the quick-dip method of hormone application (Drahn, 2007).
History and Use of Auxin
Plant hormones are a group of naturally occurring, organic substances influencing
physiological processes at low concentrations (Davies, 2010). Auxins were the first plant
hormone discovered by scientists, and a critical component in many plant physiological actions.
It is responsible for stimulating cell enlargement and stem growth, de-differentiation of xylem
and phloem, promoting root initiation on stem cuttings, and the development of branch roots,
mediating tropic responses of shoots and roots to gravity and light, and establishing apical
dominance (Davies, 2010). High auxin concentrations are inhibitory to plant growth and can lead
to disturbed growth and lethal plant damage (Davies, 2010; Grossmann, 2010b).
Charles Darwin conducted some of the first studies into the identification of auxin and
looked at the effects of phototropism on grass seedlings (Darwin, 1880). Studies conducted by
Went (1934) reported that when leaf extracts from cotyledons, leaves, and buds of chenille
(Acalypha hispidia) were applied back to chenille or papaya (Carica papaya), root formation
was induced. Thimann and Koepfli (1935) determined that the effects of tropisms observed by
Darwin could be induced using plant extracts containing indole-3-acetic acid (IAA) (Hartmann et
al., 2011). IAA is synthesized via the amino acid L-tryptophan or the indole pathways (Hartmann
et al., 2011; Davies, 2010). IAA biosynthesis primarily occurs in root and shoot meristems,
young leaf primordia, vascular tissue, and reproductive organs (Hartmann et al., 2011). However,
4

IAA is not without limitations. IAA degrades in light and is quickly degraded by IAA-oxidase
when applied exogenously (Hartmann et al., 2011). Synthetic auxins are less susceptible to
degradation by IAA-oxidase, leading to their use in commercial applications compared to IAA. It
was not until 1935 that the most useful synthetic auxins were discovered: indole-3-butyric acid
(IBA) and 1-naphthalene acetic acid (NAA) (Hartmann et al., 2011). IBA and NAA are more
effective at promoting rooting than naturally occurring or synthetic IAA (Blythe et al., 2007). In
1954, IBA was reported to naturally occur in plants (Blommaert, 1954). Concentrations of IBA
are not as abundant in the plant as IAA (Hartmann et al., 2011). To be used by the plant, IBA
must be converted to IAA (Hartmann et al., 2011). Currently, IBA and NAA formulations are the
most widely used auxins for the promotion of root formation on stem cuttings (Blythe et al.,
2007). Rooting trials conducted by Chadwick and Kiplinger (1938) marked a turning point in
commercial plant propagation (Hess, 2000). They demonstrated that auxin treatment could
enhance the rooting percentage and quality of the root system, depending upon species.
Following the publication of these studies, commercial rooting products which contained auxin
were made available, including Rootone® and Hormodin® (Preece, 2003).
There are three primary methods of auxin translocation: 1) basipetal polar transport, 2)
passively through the phloem, and 3) acropetal xylem transport (with an exogenous application)
(Blythe et al., 2007). Primarily occurring basipetally, endogenously produced auxin moves from
the shoot apices to the roots, which is unique among plant hormones (Bennett et al., 1998;
Michniewicz et al., 2007). This repeated cellular movement of auxin from the apical to the basal
end establishes a polar gradient that is important for the normal development of the plant embryo
and the apical meristem (Michniewicz et al., 2007; Hartmann et al., 2011). When moving from
cell to cell, auxin requires using efflux carriers on the plant membrane (Hartmann et al., 2011).
5

Naturally occurring auxins, such as IAA and IBA, as well as the biologically active synthetic
auxin 1-NAA primarily move polarly (Blythe et al., 2007). Auxin synthesized in mature leaves
has been theorized to be transported passively in the phloem along with other photoassimilates
throughout the plant in a non-polar direction (Blythe et al., 2007; Davies, 2010). Auxin applied
to the substrate was shown to move acropetally throughout the plant, which suggests that auxin
can move within the transpiration stream (Hitchcock and Zimmerman, 1935).
Auxin as a Plant Growth Regulator (PGR)
Currently, commercial root-promoting products that contain auxin as their primary
ingredient are grouped under the broad term ‘rooting hormones’ (Blythe et al., 2007). This
definition is incorrect in the scientific sense. As mentioned above, when speaking botanically,
the term “hormone” refers to naturally occurring, organic substances that influence physiological
processes in low concentrations (Davies, 2010). When referencing natural auxins, synthetic
auxins, and other natural or artificial products with hormonal properties, the term ‘plant growth
regulator’ provides a more accurate description (Blythe et al., 2007). A plant growth regulator
(PGR) is defined as any chemical used to alter the growth of a plant or plant part (Fishel, 2018).
Defined as a chemical, PGRs are considered pesticides. They are subjected to the same
registration, labeling, and usage requirements as other pesticides the Federal Insecticide,
Fungicide, and Rodenticide Act of 1988 (Fishel, 2018). All pesticides must be licensed and
registered by the EPA before being sold or distributed via commerce (Blythe et al., 2007). IBA
and IBA-containing products in which IBA is the sole active ingredient are classified as biopesticides by the EPA and are nontoxic to humans and animals while posing no risk to the
environment (U.S. Environmental Protection Agency, 2002; 2003).
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Since the discovery of 2,4-dichlorophenoxyacetic acid (2,4-D) by British and American
researchers in the early 1940s, synthetic auxins have been a popular herbicide (Blythe et al.,
2007; Peterson et al., 2016). When used at low concentrations, 2,4-D can successfully stimulate
the rooting of stem cuttings and is an important inducer of somatic embryogenesis in tissue
culture. At higher concentrations, auxins can produce herbicidal effects (Blythe et al., 2007;
Hartmann et al., 2011). While the primary site of action is unknown for synthetic auxins used as
herbicides like 2,4-D, it has been theorized they bond to one of three auxin receptor proteins
(Grones and Friml, 2015). Depression of auxin-response genes initiates many responses within
the plant, ultimately leading to plant death in sensitive dicots (Peterson et al., 2016). Grossman
(2010b) described plants’ responses to herbicide applications, and the timeline of these responses
which can be broken down into three phases: stimulation, inhibition, and decay. Stimulation
begins within minutes of the herbicide being applied and is characterized by a large increase in
the concentration of synthetic auxin. Ethylene production is also stimulated (Grossmann, 2010a).
A hyperaccumulation of abscisic acid (ABA), and activation of ion channels and ATPases also
occurs during this phase (Grossman, 2010b). After a few hours, the plant shows visual symptoms
of abnormal, unregulated growth, including epinasty, tissue swelling, and stem twisting
(Peterson et al., 2016). During the inhibition phase, stomata begin to close and induce
physiological defense-stress responses. These responses include reducing the production of
amino acids, starches, nucleic acids, and other metabolites necessary for growth and
development. Cessation of growth happens during this stage. Finally, the decay phase occurs
within 3 days after application as tissues and cells begin to break down. Ultimately, plant death
occurs from dismantling chloroplasts, membranes, and the vascular system (Grossman, 2010b).

7

Current Methods of Auxin Application
Products containing IBA, NAA, or a combination of both are commercially available in
liquid, powder (talc), and water-soluble salt formulations (Hartmann et al., 2011). Low
concentrations of powder (talc) formulations of auxin can remain viable for 1 to 2 years, and up
to 5 years at higher concentrations under room temperature conditions (Lowenfels, 1966). Liquid
solutions of IBA can remain viable for up to 13 months stored at 35 °F.
Currently, there are three common methods nursery and greenhouse propagators used
over the past decades for applying auxin to unrooted cuttings: 1) the more frequently used basal
quick-dip (concentrated-solution dip method; 2) the powder (talc or dust) application method; 3)
and the dilute-soak method (Blythe et al., 2007; Dirr and Heuser, 1987). The dilute-soak method
is far less common compared with the usage of quick-dips or powders (Blythe et al., 2007;
MacDonald, 1987). Regardless of the application method, difficult-to-root woody species are
treated with a higher concentration of auxin than tender, succulent, or easily rooted species.
When using the basal quick-dip method, a concentrated auxin solution ranging from 100
ppm to 10,000 ppm (0.025 to 1%) is diluted in either an aqueous solution or 50% alcohol
(Hartmann et al., 2011). Cuttings are typically bundled before being dipped into the auxin
solution for a period ranging from 1 to 5 seconds before being inserted into the rooting medium
(Blythe et al., 2007; Hartmann et al., 2011). There is no standard depth for dipping cuttings into
the auxin solution, but most propagators will stick to a depth ranging from 0.2 to 0.5 in. (0.5 to 2
cm) (Blythe et al., 2007; Hartmann et al., 2011). This method presents several advantages,
including a simple and speedy application, greater uniformity of application and rooting, and the
ability to create a variety of concentrations (Blythe et al., 2007; Hartmann et al., 2011).
Disadvantages of utilizing this method include requiring specialized equipment and handler
8

training and managing the auxin concentration during extended dipping sessions (Blythe et al.,
2007; Hartmann et al., 2011).
When utilizing the powder (talc) method, the basal end of prepared cuttings is dipped into
the powder (Hartmann et al., 2011). The powder contains a blend of auxin and talcum powder
(Blythe et al., 2007). As with the basal quick-dip method, cuttings are generally treated in a
bundle, rather than individually, with care being taken to ensure the innermost cuttings receive as
much powder as those on the outside (Hartmann et al., 2011). After dipping, cuttings are tapped
lightly to remove any excess powder (Blythe et al., 2007; Hartmann et al., 2011). Howard (1985)
reported that enhanced rooting occurred by pre-dipping cuttings in a 50 percent aqueous solution
of either acetone, ethanol, or methanol before the application of IBA talc. Advantages of using
talc powders include ease of use, ease of storage, no preparations required, and visible evidence
of application (Blythe et al., 2007; Hartmann et al., 2011). Disadvantages include variability in
uniformity, loss of powder when inserting into the rooting medium, limited selection in prepared
concentrations, and higher cost compared to quick-dip (Blythe et al., 2007; Hartmann et al.,
2011). When comparing quick-dip to talc powders, talc formulations are generally less effective
than quick-dip formulations at comparable concentrations (Chong et al., 1992). This can be
explained physiologically. With talc formulations, auxin must first go into solution after the
cuttings are stuck in the rooting media before uptake can occur through the vascular system. This
leads to a delay before auxin is absorbed into the base of the cutting (Hartmann et al., 2011).
With quick-dips, the solvent can immediately enter the epidermis and the cutting itself (Geneve,
2000; Hartmann et al., 2011).
The least used method for applying auxin to stem cuttings is the dilute solution soaking
method (Hartmann et al., 2011). For this, the basal end of the cutting is soaked in a dilute auxin
9

solution for up to 24 hours immediately before the cuttings are inserted into the rooting medium
(Hartmann et al., 2011). Concentrations of the solution range from 20 ppm for easily rooted
species to 200 ppm for more difficult-to-root species (Hartmann et al., 2011). Commercial
propagators do not favor this cumbersome method (Loach, 1988). The equipment, such as large
metal trays, needed for soaking the cuttings and the long duration required can result in
variability of results since environmental changes can occur during the process (Hartmann et al.,
2011; Loach, 1988). This method has been successful with several hard-to-root crops (Prunus
spp., conifers, evergreen, and deciduous shrubs) by soaking for a maximum of 4 hours at a rate
ranging from 50 to 150 ppm (Hartmann et al., 2011). Studies conducted by van Telgen et al.
(2007) reported that stem cuttings of roses had an improved rooting uniformity at 200 ppm IBA
for a duration of 5 to 50 minutes. Durations longer than 50 minutes increased root number but
inhibited bud break (van Telgen et al., 2007).
Uncommon Methods of Auxin Application
Use of many other uncommon methods for auxin application have been reported since
the 1930s (Blythe et al., 2007) and include the use of lanolin pastes (Cooper, 1935); applying
auxin to shoots utilizing vacuums (Butterfield and McClintock, 1938), and stock plant spray
treatment methods (Stoutemyer and O’Rourke, 1945). Most of these methods have been
discarded, but several continue to find use in a commercial setting, mainly for rooting cuttings of
difficult-to-root species (Blythe et al., 2007). These methods include total cutting immersion and
substrate application (Hartmann et al., 2011).
During the 1930s, Cooper (1935) reported increased rooting results when an auxincontaining lanolin paste was applied to the upper stem tissue of cuttings of ‘Eureka’ lemon
(Citrus ×limon ‘Eureka’), fig (Ficus carica), lantana (Lantana camera), copperleaf (Acalypha
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wilkesiana), and spiderwort (Tradescantia virginiana) when compared to non-treated cuttings.
The lanolin paste was applied to a small, wounded area near the top of the cutting. However,
Tincker (1936), following up on the work of Cooper (1935), reported that lanolin pastes were
effective for rooting herbaceous species but ineffective on woody plant cuttings. Furthermore, he
reported that the application of lanolin paste was not ideal in small quantities and was not an
efficient method for auxin application.
Research conducted by Butterfield and McClintock (1938) reported that hardwood
cuttings of glaucous willow (Salix discolor) and grape (Vitis spp.) that were placed in auxin
solutions and subjected to a vacuum for a 4-hr period absorbed twice as much auxin-containing
solution as cuttings that were not subjected to a vacuum. Their results indicated that the vacuum
treatment caused the solution to be distributed in a greater volume through the tissue.
Additionally, the vacuum-exposed cuttings had a greater distribution of roots along the stem,
exhibited greater root proliferation, and were rooted in half the time compared to non-treated and
soaked cuttings (Butterfield and McClintock, 1938). While cuttings treated with the vacuum
rooted in half the time as non-treated cuttings, the use of a vacuum to treat cuttings with auxincontaining solutions was not commercially viable as it places a large demand on time and
requires the use of specialized equipment to be effective.
Stoutemyer and O’Rourke (1945) treated stock plants with the auxin 2,4,5trichlorophenoxyacetic acid (TCPA) and took cuttings from these plants after several days. Their
results suggested that cuttings from plants treated with TCPA showed the same rooting response
as those treated with traditional auxin application methods. Using the results reported by
Stoutemyer and O’Rourke (1945) as a starting point, Whatley et al. (1966) sprayed stock plants
of rose of Sharon (Hibiscus syriacus) with a solution of NAA, dimethylsulfoxide (DMSO),
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acetone, glycerin, and Triton X-100, a non-ionic surfactant, ten days before cutting collection. In
addition, some stock plants were not treated with the NAA solution to serve as non-treated
controls. Cuttings from these non-treated stock plants were untreated or treated with either a 15minute soak in a 1,000 ppm IBA solution with 0.5% (v: v) DMSO or a 30-minute soak in a 1,000
ppm IBA solution with 0.5% (v: v) DMSO. After treatments were applied, cuttings were rooted
in a continuously aerated Hoagland solution or distilled water. They reported that cuttings
receiving the 15-minute soak in IBA rooted better than cuttings receiving the foliar spray, while
cuttings from both treatments rooted better than the non-treated control. Cuttings receiving the
foliar spray rooted better in water than in the Hoagland solution.
The total immersion method consists of completely submerging cuttings in auxin before
inserting them into the rooting media (Blythe et al., 2007; Hartmann et al., 2011). Improved
rooting percentages have been observed when various species of herbaceous cuttings, including
clematis (Clematis spp), plumbago (Plumbago europaea), English ivy (Hedera helix),
delphinium (Delphinium spp), and others were immersed in an auxin bath for a few seconds at a
rate of 50 to 250 ppm IBA (Hartmann et al., 2011). In a study by Van Braght et al. (1976), total
immersion of cuttings at a rate of 1,000 ppm for two minutes enhanced the rooting of two
cultivars of red-leaf barberry and two cultivars of pyracantha. When immersing the cuttings into
a concentrated auxin solution containing a wetting agent (surfactant), rooting was promoted
more efficiently than just a basal quick-dip (Van Braght et al., 1976).
Auxin can also be applied in low concentrations to stabilized substrate plugs in which
cuttings can then be stuck, though limited reports of this method have been published in the
literature (Blythe et al., 2007; Hartmann et al., 2011). Wells (1986) demonstrated that soaking
the peat used for air-layering with a relatively low concentration of IBA (60 ppm) resulted in
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enhanced rooting of Mahonia aquifolium ‘Compacta’. In a study to evaluate auxin application
via the rooting substrate, Blythe et al. (2003a) reported that single-node cuttings of English ivy
(Hedera helix) and Red Cascade™ miniature rose (Rosa ‘MOORcap’) treated with a
concentration of auxin less than 100 ppm K-IBA could provide a similar rooting response when
compared to a traditional basal quick-dip. Concentrations higher than 100 ppm K-IBA resulted in
eventual phytotoxicity to all stem tissue (Blythe et al., 2003a). In a similar study, Blythe et al.
(2004b) reported that cuttings of various landscape ornamental plants stuck into stabilized
substrate plugs soaked in either water or an aqueous solution containing K-IBA in concentrations
ranging from 15 to 75 ppm or K-IBA + K-NAA ranging from 15 ppm + 7.5 ppm to 60 ppm + 30
ppm showed rooting and subsequent initial shoot growth responses similar to cuttings treated
with a basal quick-dip at a rate of 1,000 ppm K-IBA or 1,000 ppm K-IBA + 500 ppm K-NAA.
Novel Methods of Applying Root-promoting Compounds
Foliar Application of Auxin
Over the past decade, research into foliar application methods indicated that one-time
applications are the standard for foliar applications (Blythe et al., 2007; Kroin, 2014). When
applied post-sticking, much lower concentrations (50 to 100 ppm) of rooting hormones are
required compared to conventional application methods for ornamental greenhouse crops (Dole
and Gibson, 2006). Overhead applications of water-soluble IBA are increasing in the nursery
industry. Bailey Nurseries Inc. in Minnesota and Oregon has been conducting repetitive on-farm
trialing for the last decade. Their results indicate that many of the taxa commonly propagated
respond similarly to foliar-applied auxin compared to a traditional basal quick-dip. At Bailey
Nurseries, propagation trays and beds are treated with a single application of water-soluble IBA
ranging from 250 to 2,000 ppm (Drahn, 2007). Decker’s Nursery in Ohio uses a battery-powered
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backpack sprayer to treat their cuttings since it atomizes the auxin similarly to the mist from the
cutting irrigation system and applies a very small droplet with excellent coverage over both the
top and bottom of the cutting (Decker and Graff, 2016). Since propagation areas vary, overhead
applications are applied via a backpack sprayer for small houses and reel-and-hose sprayers for
larger production areas. For larger areas, reel-and-hose sprayers are preferential as they can treat
larger amounts of cuttings in a relatively short amount of time.
When applied overhead, Kroin (2014) of Hortus USA recommends “spraying the solution
evenly over the cuttings until drops fall onto the media.” To do this, Bailey Nurseries aims to
deliver 1 L per 60 ft2 (roughly 25-30 gal. per 6,000 ft2). Currently, both Decker’s Nursery and
Bailey Nurseries generally treat their cuttings within 24 h of being stuck, either at the end of each
day or the first thing the following morning, but application occurring during the day in
conjunction with frequent mist intervals has not reduced efficacy (Drahn, 2007; Decker and
Graff, 2016). Cuttings are treated in the early morning or late afternoon due to lower light levels
and reduced misting requirements. For both nurseries, the switch to overhead application
decreased handling and the time cuttings spent in cold storage and the preparation room, where
problems associated with lengthened exposure to low temperatures, low humidity, and handling
can occur (Drahn, 2007). In 2003, 99.6% of cuttings at Bailey Nurseries were quick-dipped and
0.4% were treated with foliar applications. By 2007, the percentages had reversed, with 95% of
all propagated material being treated with overhead applications and 5.2% of the material being
quick-dipped (Drahn, 2007). Currently, overhead applications of water-soluble IBA are used to
treat the following genera at Bailey Nurseries Minnesota operation: Acer, Berberis, Cornus,
Diervilla, Euonymus, Forsythia, Hydrangea, Juniperus, Lonicera, Philadelphus, Physocarpus,
Rhus, Rosa, Spiraea, Symphoricarpos, Syringa, Thuja, Viburnum, and Weigela. (Drahn, 2007).
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Nursery owners have switched to foliar auxin applications to reduce employee exposure
to chemicals, develop a more streamlined and sanitary approach to propagation, and reduce the
cost of labor associated with rooting hormone applications (Drahn, 2007). Another benefit of
switching to overhead applications involves similar rooting times and subsequent development
of shoots and roots compared to quick-dipped cuttings for many crops.
There have been reports of basal auxin applications suppressing shoot development due
to the relatively high auxin concentrations needed to stimulate rooting (Drahn, 2007). However,
several taxa (Amelanchier, Aronia, Rosa, and Symphoricarpos) have exhibited growth
differences between treatment methods (Drahn, 2007). Vegetative growth and flowering were
observed to be delayed by one to two weeks for foliar treatments but, over several months, the
differences were not discernible (Drahn, 2007). In addition, multiple trials of several taxa of
Prunus and Rhododendron receiving overhead auxin did not root as well as cuttings receiving a
basal quick-dip, and rooting was slower for cuttings treated with overhead applications compared
to basal quick-dips. Although the label for water-soluble salts identifies a zero re-entry interval
and permits application to be made while workers are present in the house, waiting to treat the
cuttings until workers have finished planting is a precautionary step (Drahn, 2007; Decker and
Graff, 2016). Applications are overseen by a trained and licensed applicator, reducing the
number of employees exposed to chemicals. Limiting the number of employees that treat cutting
material also ensures consistency and accuracy (Drahn, 2007). Decker’s Nursery and Bailey
Nurseries have seen a more streamlined propagation process after making the switch by reducing
the number of employees responsible for treating cuttings, which historically which was 8 to 10
people. Decker’s Nursery has seen an estimated 20% increase in daily production by removing
the extra step of dipping handfuls of cuttings (Drahn, 2007; Decker and Graff, 2016).
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By switching application methods, Bailey Nurseries and Decker’s Nursery traded
relatively high labor costs and low chemical costs for the inverse. For Decker’s Nursery, the
increased cost of hormones has been offset due to no longer having to purchase several hundred
dollars’ worth of latex gloves for the propagation staff (Decker and Graff, 2016). For Bailey’s
Nursery, hand-dipping 90,000 cutting would normally require eight people working thirty labor
hours; however, utilizing foliar auxin applications takes one applicator roughly one hour to
prepare, apply, and clean the spray equipment when finished (Drahn, 2007). The chemical cost to
treat those 90,000 cuttings at 750 ppm was $16 using the traditional basal quick-dip and $74
using foliar auxin applications (Drahn, 2007). Decker’s Nursery has further reported that it takes
one applicator no more than five minutes to treat a greenhouse that is 30’×98’ (2,940 ft2; Decker
and Graff, 2017).
In addition to increasing labor efficiency, switching to the foliar application has removed
the risk of stem burn using alcohol-based IBA, and the potential for cross-contamination has
been eliminated since cuttings are no longer dipped into a stock solution (Drahn, 2007). Previous
work conducted by Blythe et al. (2003b; 2004a) looked at several common ornamental plants to
determine if they would benefit from an overhead application of IBA + NAA (Blythe et al.,
2004a) or K-IBA (Blythe et al., 2003b) when compared to traditional basal quick-dip. Results
indicated that Gardenia augusta ‘Radicans’ benefited from an overhead application of auxin at a
concentration of 25 ppm IBA + 14 ppm NAA or greater or a basal quick-dip compared to
untreated cuttings (Blythe et al., 2003b; Blythe et al., 2004a). Low auxin was absorbed and
translocated to the site of root initiation compared to the amount of auxin received from a basal
quick-dip. It was concluded that further work with auxin formulations, surfactants, and
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application methods is warranted to determine whether the overhead application of auxin has
commercial value (Blythe et al., 2003b; Blythe et al., 2004a).
Surfactants are common in agricultural production as penetration of the leaf cuticle is
required for the efficacy of foliar-applied compounds (Robertson and Kirkwood, 1969). The
effectiveness of foliar-applied compounds depends on their ability to penetrate through the
cuticle and translocate to the site of action (White et al., 2002). Surfactants enhance penetration
of these chemicals by increasing the wetting capacity up to the critical micelle concentration
(CMC), defined as the concentration above which any added surfactant molecules appear with
high probability as micellar aggregates (Ruckenstein and Nagarajan, 1975; Lownds et al., 1987).
Lownds et al. (1987) determined the effects surfactants have on foliar penetration of NAA and
NAA-induced ethylene production by cowpea [Vigna unguiculata (L.) Walp. ‘Dixielee’]. This
research indicated that foliar penetration of NAA was increased when co-applied with a
surfactant (Pace, Regulaid®, or Tween® 20). All three induced similar qualitative changes in
surface tension, contact angle, and droplet: leaf ratio. All three surfactants increased the droplet:
leaf ratio. However, Regulaid® was the only surfactant tested that showed a correlation between
NAA penetration and interface area (Lownds et al., 1987).
Temperature and humidity are the two most important factors affecting efficacy of foliarapplied chemicals and are also important in cutting propagation. Optimal uptake of foliar-applied
chemicals occurs in warm, humid conditions (Ramsey et al., 2005). Physiologically, warm
temperatures change the viscosity of the cuticle wax, thus increasing the diffusion of solutes
through the cuticle (Ramsey et al., 2005). While diffusion across the cuticle is increased at higher
temperatures, increases in the efficacy of the chemical are not always observed (Devine et al.,
1993; Ramsey et al., 2005). It has been hypothesized that this is due to the reduced availability of
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the chemical caused by the rapid drying of droplets in warm conditions (Ramsey et al., 2005).
Humidity effects on cuticle composition are not physical effects like those from temperature, but
rather are related to the rate of droplet drying and cuticle hydration (Ramsey et al., 2005). Sibley
et al. (2018) hypothesized that surfactants added to irrigation water would decrease leaf menisci
surface tension while increasing matric and total water potential. These changes would lead to a
decrease in transpiration (Sibley et al., 2018). Plants watered with solutions containing
surfactants would have lower water stress than those watered with solutions not containing
surfactants (Sibley et al., 2018). Sibley et al. (2018) reported that adding a surfactant at any level
(0, 25, 50, 75, 100, or 125 mg·L-1) to irrigation water of New Guinea impatiens ‘Celebrate
Salmon’ led to an increase in height, width, growth index, as well as fresh weight and dry weight
compared to those irrigated with solutions not containing surfactants. In addition, Tween® 20
added to irrigation water at a rate of 100 mg·L-1, which is approximately the CMC of Tween®
20, reduced leaf transpiration. When surfactants reach their CMC, surface tensions of solutions
are at their lowest level (Greene and Bukovac, 1974). Their results were consistent with Kubik
and Michalczuk (1993) who measured the effects of surfactants on the transpiration of
strawberry leaves. Strawberry leaves treated with Tween® 20 showed a slight decrease in
transpiration lasting 60 minutes before increasing back to a normal level.
In addition, K+ applied to leaves with a surfactant showed a considerable increase in
transpiration (Kubik and Michalczuk, 1993). This increase is due to potassium’s role in
regulating stomatal opening and closing. Water-soluble salts of IBA (K-IBA) should
theoretically behave like other salt compounds and break down in an aqueous solution to the
primary components, K+ and IBA. Additionally, adding surfactants to vase water of cut roses has
been shown to increase shelf life. Ueyama and Ichimura (1998) reported that treating cut roses
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with their leaves retained in a 500-ppm solution of 2-hydroxy-3-ionene chloride polymer (HICP)
for 4 hours extended life for 6 days beyond those treated with water alone. Sibley et al. (2018)
concluded that adding surfactants to irrigation water for transplanted plugs decreased the
transpiration rate and stomatal conductance. However, this has not been observed or reported in a
cutting propagation environment.
Honey as a Rooting Enhancer
Sugars (as carbohydrates) are known to be a factor in rooting cuttings and are frequently
used in Stage III of tissue culture as an energy source for micro-cuttings (Hartmann et al., 2011).
Honey has had a long history of human consumption and medicinal use that dates to the writings
of ancient Egyptians 5,000 years ago (Israili, 2014). Nearly all honey is derived from nectar, a
phloem sap derivative (Ball, 2007). While the nectar composition varies widely, most contain the
following components: sugars, amino and other acids, proteins, lipids, minerals, and other
components (Ball, 2007). The type of sugar in the nectar also highly depends on the plant
material from which the nectar is obtained. For example, nectars obtained from members of the
Lamiaceae and Ranunculaceae families contain the disaccharide sucrose (C12H22O11) as the
primary sugar, but nectar obtained from the Brassicaceae and Asteraceae families contain very
little sucrose but varying proportions of fructose (C6H12O6) and glucose (C6H12O6), both simple
sugars (monosaccharides) (Ball, 2007).
Honey has an average pH of 3.9, due to several weak acids but does not taste acidic due
to its high sugar content (Ball, 2007). Gluconic acid, the primary acidifying agent, is produced as
a by-product of glucose oxidase from bee secretions acting on the glucose in the honey (Ball,
2007). Clinical studies have confirmed the broad-spectrum antimicrobial (antibacterial,
antifungal, antiviral, and antimycobacterial) properties of honey which are theorized to be
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attributed to the naturally low pH, osmotic effect, high sugar concentration, and the presence of
bacteriostatic and bactericidal factors (hydrogen peroxide, antioxidants, polyphenols, phenolic
acids, etc.) (Israili, 2014). The antioxidant capacity of honey is the measurement of the capacity
of honey to eliminate free radicals (Molan, 2001). Antibacterial properties are attributed to the
honey’s saturated (super-saturated) solution of sugar (Molan, 1992). It has also been reported
that darker-colored honey (e.g., Manuka honey) has naturally higher antimicrobial activity than
lighter-colored honey (e.g., multiflora honey) (Allen et al., 1991). The water content in a typical
batch of honey is between 15% and 21%, while the remainder is the solid fraction containing a
ratio of monosaccharides (glucose and fructose) (Molan, 1992). This concentration leaves little
free water for microbial growth (Molan, 1992).
Another factor that contributes to the antimicrobial activity of honey is hydrogen
peroxide produced as a byproduct of glucose oxidase activity within the honey (Bang et al.,
2003). When used at high concentrations, hydrogen peroxide is an effective antimicrobial agent
but can cause damage to human cells including protein damage in tissues (Simon et al., 1986;
Roth et al., 1986). White et al. (1963) reported that hydrogen peroxide production in honey could
vary greatly with different degrees of honey dilution. Bang et al. (2003) performed a trial to
determine the effect dilution would have on the rate of hydrogen peroxide production in honey.
In their testing, eight different kinds of honey sourced from six different floral sources [two
pasture honey types (mixed sources), one clover (Trifolium repens), one bush (mixed source),
one rewarewa (Knightia excelsa) and three composite kinds of honey made by pooling honey of
a single type] were diluted with 3-(N-morpholine) propane sulfonic acid (MOPS)-acetate buffer
to varying concentrations ranging between 10-70% (v/v). These honey types were selected
because they represent their floral sources and MOPS-acetate was selected due to its analog
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properties to wound exudates (Bang et al., 2003). After dilution, the honey solutions were placed
in the dark at 4°C, as both hydrogen peroxide and glucose oxide are light sensitive (Bang et al.,
2003). While there were differences among honey types tested, significant levels of hydrogen
peroxide were accumulated over a wide range of concentrations between 15%-67% (Bang et al.,
2003). However, one honey not tested and often referred to as a “super honey” for its
antimicrobial activity is Manuka, which is solely produced in New Zealand from the nectar of
the Manuka shrub (Leptospermum scoparium) (Mavric et al., 2008). Unlike previously discussed
honeys, the antimicrobial activity of Manuka is not linked to hydrogen peroxide (Bang et al.,
2003); rather, methylglyoxal (MGO) is primarily responsible for antimicrobial activity (Mavric
et al., 2008). In addition, Mavric et al. (2008) reported that when Manuka honey is diluted with
water to concentrations from 15% to 30%, significant antimicrobial activity was noticed for E.
coli and Staphylococcus aureus. Unlike hydrogen peroxide, MGO is not light or heat-sensitive
(Mavric et al., 2008).
Whalley (2009) of Taupo Native Plant Nursery in New Zealand conducted an on-nursery
trial using honey as a rooting hormone when the main rooting hormone powder they used went
off the market. Whalley (2009) trialed Manuka honey, a commercially available multiflora
honey, a commercially available root-promoting compound, and a non-treated control as
treatments. They were applied to cuttings of the following six New Zealand natives:
brachyglottis (Brachyglottis compacta ‘Sunshine’), sand coprosma (Coprosma acerosa),
creeping mirror plant (Coprosma × kirkii ‘Kirkii’), kapuka (Griselinia littoralis ‘Broadway
Mint’), mousehole tree (Myoporum laetum), and small-leaved tree daisy (Olearia virgata var.
lineata). Manuka honey possesses a degree of antimicrobial properties which are determined
with testing and the results used to calculate the unique Manuka factor (UMF) which ranges in
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potencies from 1 to 70+ (Mavric et al., 2008). For their trials, a Manuka honey with a UMF
factor of 15+ was selected (Whalley, 2009). Both honey types were used to prepare solutions
containing honey and hot water (1:2 v/v). The solutions were refrigerated 24 h before use
(Whalley, 2009). Cuttings were placed into the solutions for 30 minutes before sticking and
placed onto a mist bed with bottom heat (Whalley, 2009). Cuttings treated with solutions
containing general multiflora honey had the fewest number of unrooted cuttings, a high number
of good (4+ roots), and average (3 or less) root ratings across all species tested. In contrast,
Manuka solutions had the lowest number of good (4+) roots and a lower rooting percentage
(Whalley, 2009).
By evaluating novel adjuvants and application methods for auxin application in the
commercial plant propagation industry, producers can decrease their overhead costs associated
with labor and streamline the propagation process. The research presented in this dissertation
examines a novel adjuvant and a novel application method for streamlining the propagation
process.
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CHAPTER II
EVALUATION OF HONEY AS A ROOTING ADJUVANT FOR PROPAGATION OF RED
CASCADE™ MINIATURE CLIMBING ROSE (ROSA ‘MOORCAP’)
Abstract
Availability of labor is one of the main factors affecting nurseries and greenhouses today.
In 2019, expenditures for nurseries and greenhouses totaled USD 11.6 billion, while labor
accounted for $4.8 billion, or 41.4% of expenditures. Plant propagation is one of the most laborintensive processes in the nursery and greenhouse industries. Current methods of applying rootpromoting compounds to cuttings can result in a widely variable rooting response. The
development of alternative application methods can increase labor efficiency and rooting
uniformity. This research compared three different honey sources to quantify if honey source
impacted rooting responses of Red Cascade™ miniature rose (Rosa ‘MOORcap’) cuttings.
Adding honey to water-soluble IBA solutions did not increase root numbers compared to
cuttings receiving only water-soluble auxin solutions. Use of 1,000 ppm IBA led to cuttings with
greater root counts compared to cuttings that received 250 ppm IBA. This study is novel as it
examines the use of honey as a rooting adjuvant in an academic setting.
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Introduction
Plant propagators worldwide are constantly trialing novel methods for applying rootpromoting compounds during the propagation process (Blythe et al., 2007; Whalley, 2009).
Implementing new propagation methods to enhance rooting and subsequent transplant success is
a major priority in plant production (Sabatino et al., 2019). In addition to reducing rooting times,
propagators are also exploring new methods to reduce the labor required during the propagation
process. Within the nursery industry, propagation places the greatest demand on labor (United
States Department of Agriculture, 2019). In the Census of Horticultural Specialties, nursery
operations reported USD 11.6 billion in expenditures, and labor accounted for USD 4.8 billion
(41.4%) of those costs (USDA, 2019). A survey of nursery growers in the Willamette Valley in
Oregon reported that propagation accounted for > 50% of their annual labor budget (Bluhm,
1983). Further, it was estimated that to produce a crop of rep tip photinia (Photinia × fraseri) and
tam juniper (Juniperus sabina ‘Tamariscifolia’), propagation accounted for 22% and 27% of the
total production cost, respectively (Bluhm and Burt, 1983). With record sales being reported by
nurseries in response to government-imposed lockdowns because of the COVID-19 pandemic,
decreasing the amount of time a plant spends in the production process before reaching the
consumer is an increasing priority of nursery crop producers around the globe (Behe et al., 2022;
Beytes, 2020).
In the nursery industry, sugars (as carbohydrates) positively impact the rooting of
cuttings and are frequently used in Stage III of tissue culture as an energy source for microcuttings (Hartmann et al., 2011). Numerous clinical studies have confirmed the broad-spectrum
antimicrobial properties of honey which are theorized to be due to naturally low pH, osmotic
effect, high sugar concentration, and presence of bacteriostatic and bactericidal factors (Albaridi,
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2019; Ball, 2007; Israili, 2014; Kwakman et al., 2010, 2011; Kwakman and Zaat, 2012; Molan,
1992, 2001). Historically, honey was used as a human wound treatment, with its use documented
in the writings of the Egyptians over 5,000 years ago. In these earliest writings, honey was
reportedly made into an ointment to treat skin and eye diseases and applied as a dressing for
burns and wounds (Israili, 2014; Visavadia et al., 2008). The mechanism of its antimicrobial
properties was unknown until the mid-20th century (Bang et al., 2003; Adcock, 1962; White et
al., 1963). Research in the early 1960s revealed that hydrogen peroxide is the principal
antimicrobial agent of honey (Adcock, 1962; White et al., 1963). Further research into hydrogen
peroxide concentration in honey revealed that dilution of honey with water to levels between
15% and 67% led to significant levels of hydrogen peroxide accumulation (Bang et al., 2003).
There is one honey produced in the world today that is colloquially referred to as a “super
honey” for its antimicrobial activity is Manuka honey, which is solely produced in New Zealand
from the nectar of the Manuka shrub (Leptospermum scoparium) (Mavric et al., 2008). The
Manuka shrub grows natively along the eastern coast of Australia and the entirely of islands of
New Zealand (Israili, 2014). In its native habitat, it serves as a primary successional species in
areas of disturbed forest and serves as the primary understory shrub in its native range (Israili,
2014).
Unlike other kinds of honey, the antimicrobial properties of Manuka are not derived from
hydrogen peroxide, but rather from a compound called methylglyoxal (MGO). Methylglyoxal is
produced from dihydroxyacetone (DHA) conversion, which is abundant in fresh Manuka honey
(Adams et al., 2009; Mavric et al., 2008). The antimicrobial properties of Manuka honey are
determined by testing, and the results are used to calculate the unique Manuka factor (UMF)
which ranges in potency from 1 to 25 (Whalley, 2009). To be classified as Manuka honey, the
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honey must be produced in New Zealand, and it must pass independent laboratory tests to ensure
that it meets the minimum standard for concentrations of methylglyoxal (MGO),
dihydroxyacetone (DHA), and leptosperin (Adams et al., 2009; Israili, 2014; Mavric et al.,
2008).
To date, there has only limited nursery trialing evaluating the effectiveness of honey as a
rooting adjuvant. Whalley (2009) conducted an on-nursery trial using honey as a stand-alone
root-promoting compound when their primary root-promoting compound was discontinued.
Whalley (2009) compared Manuka honey (UMF 15+), multiflora honey purchased from the
supermarket, a commercially available root-promoting compound, and a non-treated control.
These treatments were applied to cuttings of the following six New Zealand natives:
brachyglottis (Brachyglottis compacta ‘Sunshine’), sand coprosma (Coprosma acerosa),
creeping mirror plant (Coprosma × kirkii ‘Kirkii’), kapuka (Griselinia littoralis ‘Broadway
Mint’), mousehole tree (Myoporum laetum), and small-leaved tree daisy (Olearia virgata var.
lineata). Both honey types were prepared as solutions containing honey and hot water (1:2 v:v)
that were then refrigerated for 24 h. Cuttings were placed into treatment solutions 30 minutes
before sticking and placed onto a mist bed with bottom heat. Cuttings treated with solutions
containing multiflora honey had the fewest unrooted cuttings across all four treatments and a
high number of cuttings with a good (4+) or average (3 or less) root rating. In comparison,
cuttings treated with Manuka solutions had the lowest number of roots with a good (4+) root
rating and a higher number of unrooted cuttings among all four tested treatments (2010). While
the results of Whalley (2009) demonstrated that multiflora honey resulted in fewer unrooted
cuttings than cuttings treated with Manuka honey, we chose to continue examining Manuka
honey as other research has shown that darker color honeys (i.e., Manuka) have greater
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antimicrobial activity than lighter color honeys (Ball, 2007; Molan, 1992, 2001; Visavadia et al.,
2008).
Since sugars are commonly used as an energy source in tissue culture production, it was
our thought that treating cuttings with honey solutions would provide cuttings with a “starter”
charge of energy for use in adventitious root formation. Therefore, the objective of this research
was to evaluate whether addition of honey to water-soluble auxin solutions increased root growth
and uniformity of stem cuttings of Red Cascade™ miniature climbing rose (Rosa ‘MOORcap’)
compared to auxin solutions without honey.
Materials and Methods
The research was conducted at the South Mississippi Branch Experiment Station in
Poplarville, Mississippi, USA (latitude 30° 50’ 38.328” N, longitude 89° 32’ 13.704” W).
Red Cascade™ miniature climbing rose (Rosa ‘MOORcap’) was selected as the model
plant for this preliminary study based on previous research conducted by Blythe et al. (2003).
Medial, 2.4-inch (6-cm) long stem cuttings were harvested on 5 June 2020 from actively growing
and well-fertilized greenhouse-maintained stock plants. Softwood cuttings were collected from
the current season’s growth.
For this experiment, three different honey types were selected: A 15+ UMF-rated Manuka
honey (New Zealand Honey Co., New Zealand), a commercially available multiflora honey
(Sam’s Choice; Bentonville, AR, USA), and a locally sourced multiflora honey from the
beehives located at the USDA-ARS Thad Cochran Southern Horticulture Lab in Poplarville,
Mississippi. The Manuka honey was selected because of its high UMF rating and MGO
concentration. Indole-3-butyric acid (IBA) (Hortus Water Soluble Salts; Phytotronics Inc., Earth
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City, MO) dissolved in deionized (DI) water was used to create auxin solutions for this trial.
Auxin rates were selected based on previously established rates (Blythe et al., 2003). Rates were
as follows: 0 ppm IBA (DI water or honey only), 250 ppm IBA, 500 ppm IBA, 750 ppm IBA, or
1,000 ppm IBA. Honey was added to the IBA solutions at a ratio of 1:2 (honey: DI water/IBA).
Before treatment initiation, prepared solutions were refrigerated for a 24-hour period at 37.4°F
(3°C).
After treatment, cuttings were stuck in 8.9-cm (3.5-in) square nursery pots (T.O. Plastics;
Clearwater, MN) filled with 100% pine bark. Pine bark for this experiment was sourced from
Eakes’ Nursery Materials Inc. (Seminary, MS) and delivered as a mix of 50% aged and 50%
fresh bark passed through a 3/8” in (0.95 cm) screen. Cuttings were placed under an intermittent
mist system at a starting interval of 6 seconds every 10 minutes, with periodic adjustments made
as needed throughout the study’s duration. Misting was controlled by a Phytotronics NOVA
1626ET six-zone analog controller (Phytotronics, Inc.; Earth City, MO). After 42 days, the
percentage of cuttings rooted, the number of roots per cutting, the average length of the three
longest roots, the shoot length, and the root quality were recorded. Root quality was assessed on
a rating scale from 1 to 5, with 1 being a callused cutting without roots and a 5 representing a
cutting with ten or more roots.
At the study’s conclusion, gross photosynthesis and stomatal conductance values were
collected from the terminal leaflet using a LiCOR® 6800 Portable Photosynthesis Platform
(LiCOR Biosciences; Lincoln, NE) with a Multiphase Flash™ fluorometer (6800-01 A). Gas
exchange measurements were collected between 0730 and 1130 hrs. with the chamber set at a
temperature equal to the greenhouse’s daytime temperature of 70.4 °F (21.6 °C), light levels of
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450 µmol m-2·s-1, flow rate of 600 µmol s-1, relative humidity of 65.3%, and reference CO2
concentration of 400 ppm.
In this experiment, a 4 × 5 (honey × IBA) complete factorial set of treatments within a
completely randomized design was used with 15 cuttings per treatment. Data were analyzed
using the GLIMMIX procedure of SAS (version 9.4; SAS institute, Cary, NC). Mean separation
was performed using the Holms-Simulated Method for multiple comparisons
Results
Rooting ranged from 87% to 100%, although rooting percentages were not impacted by
the honey type or auxin rate (Table 2.1). Net photosynthesis and stomatal conductance of
cuttings were similarly not influenced by honey type or auxin rate (Table 2.1). Although honey
type did not impact root number or root quality ratings, root number and root quality ratings
were greater for cuttings receiving 1,000 ppm IBA than those treated with 250 ppm IBA (Table
2.1).
There was an interaction between auxin rate and honey type for the average length of the
three longest roots and shoot height (Table 2.1). Cuttings dipped in a Manuka solution with 500
ppm IBA had a greater average root length of the three longest roots than cuttings that received
no honey or auxin, no honey and 500 ppm IBA, or multiflora or Manuka solutions and 250 ppm
IBA. The average lengths of the three longest roots were similar for all other treatment
combinations (Table 2.1). Shoot heights were greatest for cuttings dipped in a Manuka solution
with 500 ppm IBA compared to cuttings treated with multiflora or local honey solutions with
1,000 ppm IBA, cuttings treated with a Manuka honey solution with 250 ppm IBA, and cuttings
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treated with a local honey solution with 750 ppm IBA (Table 2.1). All other treatment
combinations had similar shoot growth (Table 2.1).
Discussion
Our results differ from Whalley (2009), who reported using multiflora honey enhanced
rooting, including a healthier or higher quality root system, compared to a commercial rootpromoting compound. In contrast, in the present study, honey type did not impact rooting
percentage, root number, or root quality ratings (Table 2.1). Whalley (2009) inserted cuttings
into a mist bed with bottom heat. In propagation, the use of bottom heat has been welldocumented to enhance the rooting of difficult-to-root species (Hartmann et al., 2011). While
their results indicate using multiflora honey enhanced rooting compared to a root-promoting
compound, the use of bottom heat may have enhanced root growth.
Additionally, cuttings were stuck into either pit sand or a cutting mix (Whalley, 2009).
Our study selected 100% pine bark to replicate the most common propagation media used in the
Southeastern United States. Using pit sand by Whalley (2009) provided an inert medium that
could limit any potential interaction between the rooting environment and the treatments. Inert
media are preferred in agricultural research as they do not decompose or provide nutrition to the
experimental plant and are void of pathogens that could cause harm. While pit sand falls under
the ‘inert media’ category, it is not mentioned in the article if the pit sand was sterilized before
use. If it was not sterilized, it could have artificially impacted the study by making the use of
honey that could have a greater impact on controlling pathogens that may have been present on
the sand. In their results, cuttings treated with the commercial root-promoting compound had the
greatest number of cuttings with 4 or more roots and a higher rooting percentage (80%) than
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those treated with a multiflora honey (65%). However, using a commercial cutting mix resulted
in a rooting percentage of nearly 55% when using either multiflora honey or the commercial
root-promoting compound. In the nursery and greenhouse industry, many pre-packaged soilless
media contain a starter ‘nutrient package’ to provide nutrition for the plant until further nutrition
is applied. The bagged cutting mix may have influenced the rooting of the cuttings by providing
supplemental nutrition to those cuttings grown in the cutting mix compared to cuttings grown in
the inert pit sand media.
For the average length of the three longest roots, combining Manuka honey with 500 ppm
auxin resulted in greater average lengths compared to cuttings treated with 500 ppm auxin and
no honey (Table 2.1). Shoot heights were greatest for cuttings dipped in a Manuka honey
solution with 500 ppm IBA compared to the highest rates of auxin in solution with commercially
available multiflora or locally sourced multiflora honey, cuttings dipped in 250 ppm IBA in a
solution with Manuka honey, or cuttings dipped in a local honey solution combined with 750
ppm auxin (Table 2.1).
Manuka honey, commercially-sourced multiflora honey, or locally-sourced multiflora
honey alone did not lead to enhanced rooting without auxin. While the exact mechanism of how
adding Manuka honey to 500 ppm IBA led to increased root length and shoot height over 500
ppm IBA alone is unknown, the ratio of sugars present in Manuka honey solutions may provide a
nutritional source for the cuttings. Further research into the carbohydrate breakdown of Manuka
honey has shown that Manuka honey possesses many oligosaccharides (Lane et al., 2019).
Oligosaccharides are more complex sugars formed during the ripening stage of honey in which
enzymatic activity and acids are more active. These complex sugars work synergistically with
methylglyoxal (MGO) to provide antimicrobial properties against biological pathogens. Further,
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the main bioactive compound in Manuka honey, methylglyoxal, could have impacted the
increased shoot length and root length observed on cuttings treated with 500 ppm plus Manuka
honey (Alvarez-Suarez et al., 2014).
Additionally, our results differ from previous research regarding the effects of the IBA
rate on the rooting of Red Cascade™ miniature rose (Blythe et al., 2003). Previous work reported
that the rooting response of Red Cascade™ rose increased with increasing auxin concentration.
Our results indicated that the increased auxin rate did not impact tested rooting parameters.
Cuttings treated with 1,000 ppm IBA rooted similarly to those cuttings not receiving IBA at the
time of treatment initiation. For both experiments, cuttings were taken from well-fertilized
greenhouse-maintained stock plants. However, previous work used single-node cuttings, whereas
multi-node cuttings were used for the experiment reported here. The use of multi-node cuttings is
recommended in the literature for the propagation of Red Cascade™ miniature rose (Dirr and
Heuser, 2006; Dirr, 2009).
Further, multi-node cuttings of ornamental plants theoretically contain more endogenous
auxin used for adventitious root formation; therefore, multi-node cuttings may have no impact on
our tested rooting responses compared to the increase seen in previous work. This research
focused on the long-term impact of rooting hormone and honey rates on rooting, previous
research was focused on speed of rooting. Previous work had a rooting period of 30 days
compared to 42 days for this study. Speed of rooting is important for maintaining the profitability
in nurseries and greenhouses. When producers can root liner materials faster, greenhouses have
increased availability for additional production.
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Conclusions
While using honey alone did not result in enhanced rooting in our tested parameters, a
positive interaction was detected for Manuka honey when combined with 500 ppm IBA
compared to other treatment combinations for the average length of the three longest roots and
shoot growth. Further research into the positive synergistic relationship between Manuka honey
and auxin rate is warranted, particularly concerning the speed of root initiation. Although Red
Cascade™ miniature climbing rose roots easily, honey’s antimicrobial effects might positive
impact the on rooting of species susceptible to pathogens in the propagation process.
Because there was no clear advantage to adding Manuka honey to water-soluble auxin
solutions, especially for the propagation of large numbers of easy-to-root species, nurseries
might view the added labor necessary for incorporating honey in IBA solutions as costprohibitive. However, nurseries propagating difficult-to-root or disease-susceptible species may
benefit from the adding Manuka honey.
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Table 2.1

Results of honey source and auxin rate on rooting percentage, root number, average root length, root quality, and growth of medial stem cuttings of Red
Cascade™ miniature climbing rose (Rosa 'MOORcap').

Honey Typey
Auxin Ratex
Honey Type*Auxin Rate
Honey Type
None
Local Multiflora
Manuka (15+ UMF)
Commercial Multiflora

Rooting
(%)

Roots
(no.)

Avg. Length of three
Shoot Height
longest roots (cm)
(cm)
Significance of treatment factors
NS
NS
NS
NS
0.001
0.0074
Least Squares means for main effects

NS
NS
NS

NS
0.017
NS

87
100
97
100

1.9 aw
2.0 a
1.9 a
2.0 a

87
90
90
93
100

2.0 AB
9.8 A
4.9 A
1.8 B
8.8 A
4.4 A
2.0 AB
10.4 A
5.3 A
2.0 AB
10.3 A
4.8 A
2.1 A
10.2 A
4.8 A
Treatment least squares means grouped by honey

Root Quality
Ratingz

Net Photosynthesis
(A) (µmol·m-2·s-1)

Stomatal Conductance
(gsw) (mol·m-2·s-1)

NS
0.0368
NS

NS
NS
NS

NS
NS
NS

3.4 a
3.4 a
3.3 a
3.4 a

7.1 az
8.7 a
7.4 a
8.6 a

0.19 a
0.19 a
0.16 a
0.18 a

3.4 A
3.2 B
3.4 A
3.4 A
3.4 A

8.4 A
9.0 A
8.4 A
6.8 A
7.2 A

0.16 A
0.18 A
0.19 A
0.15 A
0.20 A

Auxin Rate

0 ppm IBA
250 ppm IBA
500 ppm IBA
750 ppm IBA
1,000 ppm IBA

10.0 a
10.1 a
10.3 a
9.3 a

4.7 a
4.8 a
5.1 a
4.6 a

Honey Type

Auxin Rate
0 ppm IBA
1.9
8.4 bz
5.0 abz
3.1
3.2
0.07
250 ppm IBA
1.8
9.8 ab
4.4 ab
3.2
3.6
0.08
None
500 ppm IBA
1.8
8.0 b
3.9 ab
3.1
3.2
0.08
750 ppm IBA
2.0
12.2 ab
4.9 ab
3.3
3.9
0.14
1,000 ppm IBA
2.2
11.5 ab
5.4 ab
3.6
2.8
0.09
0 ppm IBA
2.1
9.8 ab
5.1 ab
3.6
3.6
0.02
250 ppm IBA
1.8
10.2 ab
4.6 ab
3.1
3.4
0.01
Local Multiflora
500 ppm IBA
2.0
10.3 ab
5.1 ab
3.4
2.9
750 ppm IBA
2.0
10.6 ab
5.3 b
3.4
4.2
0.05
1,000 ppm IBA
2.0
9.6 ab
3.7 b
3.4
2.9
0 ppm IBA
1.8
10.3 ab
4.8 ab
3.1
3.8
0.004
250 ppm IBA
1.7
7.3 b
3.4 b
3.1
3.8
0.06
Manuka (15+ UMF)
500 ppm IBA
2.1
13.4 a
7.1 a
3.5
4.8
0.07
750 ppm IBA
1.9
9.4 ab
4.2 ab
3.3
1.8
1,000 ppm IBA
2.0
11 ab
6.3 ab
3.3
3.6
0 ppm IBA
2.2
10.8 ab
4.6 ab
3.6
3.7
0.16
250 ppm IBA
1.9
7.8 b
5.0 ab
3.2
4.2
Commercial Multiflora
500 ppm IBA
2.0
9.8 ab
5.0 ab
3.4
3.0
0.06
750 ppm IBA
2.0
9.2 ab
4.9 ab
3.3
3.2
0.09
1,000 ppm IBA
2.1
9.0 ab
3.8 b
3.4
3.1
0.09
zRoot Quality (1-5, with 1 = callused cutting without roots and 5 = ≥ 10 roots); yHoney: None, Local multiflora, Manuka (15+ UMF), and Commercial multiflora; xAuxin rate: 0, 250, 500, 750,
or 1,000 ppm IBA applied as a 3-sec basal quick-dip; wWhen the interaction term (Honey Type*Auxin Rate) in the model is not significant (p > 0.10), main effects means for levels within each
treatment factor followed by the same lower-case (honey type) or upper-case letter (auxin rate) are not significantly different using the Holm-Simulated method for multiple comparisons (α =
0.05). When the interaction term in the model is significant (p ≤ 0.10), simple effects means (treatment means for honey type grouped within auxin rate) followed by the same lower-case or
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upper-case letter are not significantly different using the Holm-simulated method for multiple comparisons (α = 0.05); otherwise, the treatment means are presented without letter groupings for
informational purposes. NS = not significant
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Figure 2.1

Representative sample of the medial stem cuttings of Red Cascade™ miniature rose
(Rosa ‘MOORcap’) used for this study.
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CHAPTER III
EVALUATION OF HONEY AS A ROOTING ADJUVANT FOR CUTTING PROPAGATION
OF ‘LITTLE GEM’ SOUTHERN MAGNOLIA AND COMMON CAMELLIA
Abstract
Plant propagation is one of the most labor-intensive processes in nursery and greenhouse
industry. Availability of labor is one of the main issues affecting nurseries and greenhouses
today. Current methods of applying root-promoting compounds to cuttings result in widely
variable rooting. The development of alternative application methods can increase labor
efficiency and rooting uniformity. Previous on-nursery research conducted in New Zealand
showed that cuttings treated with a multiflora honey solution had a greater average root quality
rating than those treated with a commercial root-promoting compound. This current research
compares three different honey sources to quantify if honey source impacted the rooting
responses of common camellia (Camellia japonica) and southern magnolia (Magnolia
grandiflora ‘Little Gem’). Seven-inch (18-cm) terminal cuttings of ‘Little Gem’ magnolia and
five-inch (13-cm) terminal cuttings of common camellia were treated with three types of honey
(locally sourced multiflora, Manuka, or commercially available multiflora) or a no honey
treatment, and five rates of Hortus IBA Water Soluble Salts™ (Hortus IBA) (0, 3,000 ppm,
3,500 ppm, 4,000 ppm, or 4,500 ppm). The rooting percentage of camellia ranged from 26.7% to
60%, but neither honey type nor auxin rate impacted the rooting percentage, the average length
of three longest roots, shoot height, or root quality ratings. There was an interaction between the
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main effects of auxin rate and honey type for root number. Cuttings treated with solutions of
local or multiflora honey combined with 4,000 ppm IBA or a local honey solution with 4,500
ppm IBA resulted in greater root numbers than cuttings dipped in local or multiflora honey
solutions with no IBA or cuttings dipped in 3,000 ppm IBA. The rooting percentage of magnolia
cuttings ranged from 6.7% to 20%. Honey type influenced both root numbers and root quality
ratings. Magnolia cuttings that were dipped in multiflora honey had more roots compared to
cuttings dipped in a solution with no honey or a Manuka honey solution. Magnolia cuttings
dipped in multiflora honey had higher root quality ratings than cuttings dipped in a solution with
no honey. Neither honey type nor auxin rate impacted most measured responses indicating that
the additional cost of honey may not be economical for camellia production. However, dipping
magnolia cuttings in a multiflora honey solution increased both root numbers and root quality
ratings compared to cuttings dipped in solutions with no honey, suggesting that adding honey
might be economically beneficial for producers.
Introduction
Nursery owners worldwide consistently trial novel methods for applying root-promoting
compounds during the propagation process (Blythe et al., 2007; Whalley, 2009). Implementing
new propagation methods to enhance rooting and subsequent transplant success is a major
priority for plant production (Sabatino, 2019). In addition to decreasing rooting times, nursery
owners are also exploring new methods to reduce the labor required during the propagation
process. Within the nursery industry, propagation places the greatest demand on labor in the
United States (United States Department of Agriculture, 2019). A survey of nursery growers in
the Willamette Valley in Oregon reported that propagation accounted for > 50% of their annual
labor budget (Bluhm, 1983). Further, it was estimated that to produce a crop of red tip photinia
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(Photinia ×fraseri) and tam juniper (Juniperus sabina ‘Tamariscifolia’), propagation accounted
for 22% and 27% of the total cost of production, respectively (Bluhm and Burt, 1983). In the
U.S. Census of Horticulture Specialties, nursery operations reported $11.6 billion in
expenditures, with labor representing 41.4% ($4.8 billion) of that amount (USDA, 2019). With
record sales being reported by nurseries as people look for alternative activities due to
government-imposed lockdowns as a result of the COVID-19 pandemic, decreasing the amount
of time a plant spends in the production process before reaching the consumer is an even greater
priority for nursery crop producers around the globe (Behe et al., 2022; Beytes, 2020).
In the nursery industry, sugars (as carbohydrates) positively impact the rooting of
cuttings. They frequently used in Stage III of tissue culture as an energy source for microcuttings (Hartmann et al., 2011). Numerous clinical studies have confirmed the broad-spectrum
antimicrobial properties of honey, which are theorized to be due to naturally low pH, osmotic
effect, high sugar concentration, and presence of bacteriostatic and bactericidal factors (Albaridi,
2019; Ball, 2007; Israili, 2014; Kwakman et al., 2010, 2011; Kwakman and Zaat, 2012; Molan,
1992, 2001). Historically, honey has been frequently used as a human wound treatment, dating
back to the writings of the Egyptians over 5,000 years ago. In these early writings, honey was
reportedly made into an ointment to treat skin and eye diseases and applied as a dressing for
burns and wounds (Israili, 2014; Visivadia et al., 2008). While it was popular as an ancient
wound-healing compound, the mechanism of its antimicrobial properties was unknown until the
middle 20th century (Adcock, 1962, Bang et al., 2003; White et al., 1963). Research in the early
1960s revealed that hydrogen peroxide is the principal antimicrobial agent acting within honey
(Adcock, 1962; White et al., 1963). Further research into hydrogen peroxide concentration in
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honey revealed that dilution of honey with water to levels between 15% and 67% led to
significant hydrogen peroxide accumulation (Bang et al., 2003).
There is one honey produced in the world today that is colloquially referred to as a “super
honey” for its antimicrobial activity is Manuka honey, which is solely produced in New Zealand
from the nectar of the Manuka shrub (Leptospermum scoparium) (Mavric et al., 2008). The
Manuka shrub grows natively along the eastern coast of Australia and the entirely of islands of
New Zealand (Israili, 2014). In its native habitat, it serves as a primary successional species in
areas of disturbed forest and serves as the primary understory shrub in its native range (Israili,
2014).
Unlike other honey, the antimicrobial properties of Manuka honey are derived not from
hydrogen peroxide, but rather from a compound called methylglyoxal (MGO), produced from
the conversion of dihydroxyacetone (DHA), which is abundant in fresh Manuka honey (Adams
et al., 2009; Mavric et al., 2008). The antimicrobial properties of Manuka honey are determined
by testing, and the results are used to calculate the unique Manuka factor (UMF), which ranges
in potency from 1 - 25 (Whalley, 2009). To be classified as Manuka honey, it must be produced
in New Zealand. It must pass independent laboratory tests to ensure that it meets the minimum
standard for concentrations of methylglyoxal (MGO), dihydroxyacetone (DHA), and leptosperin
(Adams et al., 2009; Bang et al., 2003; Mavric et al., 2008).
To date, there has been limited nursery trialing evaluating the effectiveness of honey as a
rooting hormone. Whalley (2009) conducted an on-nursery trial using honey as a stand-alone
rooting hormone when their primary rooting hormone powder was discontinued. Whalley trialed
Manuka honey (UMF 15+), commercially-available multiflora honey, a commercially-available
root-promoting compound, and a non-treated control. These treatments were applied to cuttings
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of the following six New Zealand natives: brachyglottis (Brachyglottis compacta ‘Sunshine’),
sand coprosma (Coprosma acerosa), creeping mirror plant (Coprosma × kirkii ‘Kirkii’), kapuka
(Griselinia littoralis ‘Broadway Mint’), mousehole tree (Myoporum laetum), and small-leaved
tree daisy (Olearia virgata var. lineata). Both varieties of honey were used to prepare solutions
containing honey and hot water (1:2 v/v), and solutions were refrigerated for 24 h; afterward,
cuttings were placed into solutions 30 minutes before sticking and placed onto a mist bed with
bottom heat (Whalley, 2010). Cuttings treated with solutions containing multiflora honey had the
fewest unrooted cuttings across all four treatments and a high number of cuttings with a good
(4+) and average (3 or less) root rating. In comparison, Manuka solutions had the lowest number
of roots with a good (4+) rating and a higher number of unrooted cuttings among all four tested
treatments (Whalley, 2009). While Whalley (2009) demonstrated that multiflora honey resulted
in fewer unrooted cuttings than cuttings treated with Manuka honey, we chose to continue
examining Manuka honey as other research has shown that darker-color honey (e.g., Manuka
honey) has greater antimicrobial activity than lighter-color honey (Molan, 1992; Molan, 2003;
Ball, 2007).
Since sugars are commonly used as an energy source in tissue culture production, we
hypothesized that treating cuttings with honey solutions would provide cuttings with a “starter”
charge of energy for use in adventitious root formation. Therefore, this research aimed to
evaluate whether adding honey to water-soluble auxin solutions increased root growth and
uniformity of stem cuttings of common camellia (Camellia japonica) and ‘Little Gem’ southern
magnolia (Magnolia grandiflora ‘Little Gem’) compared to auxin solutions without honey.
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Materials and Methods
The research was conducted at the South Mississippi Branch Experiment Station (latitude
30° 50’ 38.328” N, longitude 89° 32’ 13.704” W).
For this study, two woody ornamental plant species were selected based on their
popularity in the nursery trade. The plant species selected were ‘Little Gem’ southern magnolia
(Magnolia grandiflora ‘Little Gem’) and common camellia (Camellia japonica). For the ‘Little
Gem’ southern magnolia, seven-inch (18-cm) long semi-hardwood terminal stem cuttings were
harvested on 20 August 2020. All except the top 3 to 4 leaves were removed, and a 1.5 inch (4cm) long basal wounds was made to opposite sides of the cutting to simulate the techniques of
commercial propagators (Fig 1). For common camellia, five-inch (13-cm) long terminal, semihardwood cuttings were harvested on 18 August 2020. The top two leaves were retained, and a
1.5 inch (4-cm) long wound was made on one side of the cutting, similarly to the wound applied
for the ‘Little Gem’ cuttings to simulate the techniques of commercial propagators (Fig. 1).
For this experiment, four different honey treatments were selected: no honey, UMF 15+rated Manuka honey (New Zealand Honey Co., New Zealand), a commercially available
multiflora honey (Sam’s Choice; Bentonville, AR, USA), and a locally sourced multiflora honey
from the beehives located at the USDA-ARS Thad Cochran Southern Horticulture Lab in
Poplarville, Mississippi. A 15+ UMF-rated Manuka honey was selected due to the high UMF
rating and the subsequent high concentration of MGO. Indole-3-butyric acid (IBA) (Hortus
Water Soluble Salts (Phytotronics; Earth City, MO, USA) dissolved in deionized (DI) water was
used to create auxin solutions for this trial. Rates for the two plant species were selected based on
suggested rates by Dirr and Heuser (2006). In addition to DI water treatment, IBA rates for
camellia ranged from 3,000 to 4,500 ppm at 500 ppm intervals. Rates used to treat magnolia
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cuttings ranged from 2,500 to 4,000 ppm at 500 ppm intervals. Honey was added to the IBA
solutions at a ratio of 2:1 (DI water/IBA: honey). Before treatment initiation, prepared solutions
were refrigerated for 24 hours at 37.4°F (3°C).
After treatment, cuttings were stuck in either 3.5-in (8.9 cm) [camellia] or 4.5-in (11.4
cm) [magnolia] square nursery pots (T.O. Plastics, Clearwater, MN, USA) filled with 100% pine
bark. Pine bark for this experiment was sourced from Eakes’ Nursery Materials (Seminary, MS,
USA) and delivered as a mix of 50% aged and 50% fresh bark passed through a 3/8” (0.95-cm)
screen. Cuttings were placed under an intermittent mist system at a starting interval of 6 seconds
every 10 minutes for camellia and 4 seconds every 4 minutes for magnolia cuttings. These
periodic adjustments were made as needed throughout the study’s duration. Misting was
controlled by a Phytotronics NOVA 1626ET six-zone analog controller (Phytotronics, Inc; Earth
City, MO). After 60 days (camellia) and 120 days (magnolia), the percentage of cuttings rooted,
the number of roots per cuttings, the length of the three longest roots, the shoot length, the root
quality, the net photosynthesis, and the stomatal conductance were recorded. Root quality was
assessed on a rating scale from 1 to 5, with 1 being a callused cutting with no roots and 5
representing a cutting with ten or more roots.
At the study conclusion, gross photosynthesis (A) and stomatal conductance values (gsw)
were collected using the LiCOR® 6800 Portable Photosynthesis Platform (LiCOR Biosciences;
Lincoln, NE) with a Multiphase Flash™ fluorometer (6800-01 A). A single leaf was selected for
the camellia. Gas exchange measurements were collected between 0730-1130 HR with the
chamber set at a temperature equal to the greenhouse’s daytime temperature of 82.3 °F (27.9 °C),
light levels of 450 µmol m-2·s-1, a flow rate of 600 µmol s-1, relative humidity of 65.3%, and
reference CO2 concentration of 400 ppm. For magnolia, gross photosynthesis (A) and stomatal
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conductance values (gsw) were unable to be obtained due to leaf senescence during the study’s
duration.
In this experiment, a 4 × 5 (honey × IBA) complete factorial set of treatments within a
completely randomized design was used with 15 cuttings per treatment. Data were analyzed
using the GLIMMIX procedure of SAS (version 9.4; SAS institute, Cary, NC). Mean separation
was performed using the Holm-Simulated Method for multiple comparisons (α = 0.05).
Results
Camellia
The rooting percentage of camellia ranged from 26.7% to 60%, but neither the honey
type nor the auxin rate impacted the rooting percentage (Table 3.1). Also, neither the honey type
nor the auxin rate affected the average length of the three longest roots, shoot height, or root
quality ratings (Table 3.1). There was an interaction between the main effects of auxin rate and
honey type for root number (Table 3.1). Cuttings treated with solutions of local or multiflora
honey combined with 4,000 ppm IBA and a locally sourced multiflora honey solution with 4,500
ppm IBA resulted in greater root numbers than cuttings dipped in locally sourced multiflora
honey or a commercially available multiflora honey solution without auxin or 3,000 ppm IBA
treatments without honey (Table 3.1). Honey type significantly impacted the net photosynthesis
rate (A) (Table 3.1). Treating cuttings with a commercial multiflora honey resulted in a higher
photosynthetic rate than cuttings treated with local multiflora honey. Auxin rate and honey type
significantly impacted the stomatal conductance values (Table 3.1). Cuttings treated with any
type of honey (commercial multiflora, Manuka, or local multiflora) had greater stomatal
conductance values than cuttings in the control treatment group. For auxin rate, cuttings
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receiving no auxin and cuttings receiving 4,500 ppm IBA resulted in greater stomatal gas
exchange values than cuttings treated with 4,000 ppm IBA.
Magnolia
The rooting percentage of magnolia ranged from 6.7% to 20%; but the percentages were
statistically similar (Table 3.2). Similarly, the auxin rate also had no impact on root number, the
average length of the three longest roots, or root quality ratings (Table 3.2). However, honey
type did influence both root number and root quality ratings. Cuttings treated with a commercial
multiflora honey had more roots than cuttings treated with either Manuka or no honey (Table
3.2). Cuttings treated with multiflora honey had higher root quality ratings compared to cuttings
treated with no honey (Table 3.2). At study conclusion, no visible shoot growth was observed for
the magnolia cuttings. Gross photosynthesis and stomatal conductance data were not collected
for magnolia cuttings due to leaf senescence.
Discussion
Camellia
Our results indicate that using honey as a rooting aid was not beneficial for the root
generation of common camellia if auxin rates were above 3,000 ppm. This result is like
previously reported guidelines for camellia (Dirr and Heuser, 2006; Dirr, 2009). Previous
research on camellia’s propagation has shown that auxin rates between 3,000 and 5,000 ppm
stimulate the adventitious rooting of camellia (Dirr and Heuser, 2006; Dirr, 2009). The slightly
higher auxin level preferred by camellia cuttings in this study may result from differences in the
nutritional status of the stock plants or variations in the growing environment. According to Dirr
and Heuser (2006), the time of year and age of stock plant material is critical for adventitious
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rooting of camellia. This is further supported by the work of Salami and Hesami (2016) on their
work with Ficus religiosa. Their work found that the physiological status of the mother plant is a
critical prerequisite in achieving the adventitious rooting of stem cuttings. The cutting material
used in this study were taken from well-established landscape plants estimated to exceed 30
years of age.
For camellia, using any honey type led to increased stomatal conductance values
compared to the non-treated control. In contrast, using a commercially-available multiflora
honey increased net photosynthetic rates compared to a local multiflora honey. While this result
is different from Whalley (2009), his work did not include common camellia, and it is not
uncommon for difficult-to-root species to have vastly different propagation protocols.
Magnolia
Using a local multiflora or a commercial multiflora honey resulted in greater root
numbers compared to cuttings that did not receive honey while using a commercial multiflora
honey alone resulted in a higher quality root system compared to cuttings receiving no honey.
However, we saw similar rooting percentages when cuttings received no auxin or were treated
with the higher auxin rates recommended by Dirr and Heuser (2006). Previous work on the
propagation of Magnolia species has shown that exogenously applied auxin was necessary to
induce adventitious rooting (Sharma et al., 2006). Our results with ‘Little Gem’ differed,
showing that adventitious rooting can occur without exogenously applied IBA.
Further, our study with ‘Little Gem’ varies from other studies on Magnolia species,
which reported that treating cuttings with exogenous IBA significantly increased rooting ability
(Kentelky et al., 2021). Previous research suggested a range of 5,000 ppm to 20,000 ppm IBA
was required to stimulate the rooting of Magnolia species; however, variation has been reported
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(Sharma et al., 2006; Ellis, 1998; Dirr and Heuser, 2006; Dirr, 2009). Research by Castro et al.
(2012) found that oligosaccharides derived from red seaweed induced the partial suppression of
viral, fungal, and bacterial infections due to the accumulations of phenylpropanoid compounds
(PPCs) with antimicrobial activities. Their results suggest that the presence of oligosaccharides
stimulate growth in plant materials and provides protection against pathogens, suggesting some
synergy occurs between oligosaccharide concentration and perceived pathogenic control
(Gonzalez et al., 2013). While we did not observe any presence or suppression of pathogens in
this study with magnolia or camellia, further work is warranted on the control honey solutions
may have on the presence of pathogens within the propagation environment.
Conclusion
While the honey source did not impact most measured responses for camellia cuttings, it
did impact net photosynthesis and stomatal conductance. Higher gas exchange measurements
could have impacted other data had the study duration been extended. A synergy between honey
source and auxin rate was noted for camellia root numbers. Similarly, honey source positively
impacted root numbers and quality, suggesting multiflora honey could improve the propagation
of ‘Little Gem’ magnolia. While this study is novel in examining the effect of honey on
propagation of woody ornamental plant species commonly produced in U.S. nursery production,
further research is needed to determine the impact of propagation benefits of honey on
subsequent plant growth and the influence of honey on the propagation of additional species.
Adding honey to water-soluble auxin solutions may not be beneficial for large-scale
production nurseries because of the added labor cost of an extra step in preparing IBA; smaller
operations may benefit from taking the extra step. In the case of ‘Little Gem’ southern magnolia,
smaller operations producing this plant through the use of a commercially available multiflora
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honey or through the use of a locally sourced multiflora honey could pass any additional cost on
to the consumer by marketing the plant as being grown solely with the use of honey and without
the use of chemicals. In addition, in the case of locally sourced multiflora honey, smaller
operations could produce the honey needed for propagation on their operation and sell any
excess honey as a value-added product. Further research into the economic impact honey adds to
the cost of producing saleable plants for nursery operations is warranted.
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Table 3.1

Impact of four different honey sources and five varying auxin rates on rooting percentage, root number, average root length, growth, root quality, net photosynthesis, and
stomatal conductance values of terminal stem cuttings of camellia (Camellia japonica).
Rooting
(%)

Roots
(no.)

NS
NS
NS

NS
0.003
< 0.0001

60
50
60
26

2.6 a
2.6 a
2.5 a
2.6 a

0 ppm IBA
3,000 ppm IBA
3,500 ppm IBA
4,000 ppm IBA
4,500 ppm IBA

60
46
60
60
46

2.3 B
2.5 A
0.2 A
2.6 A
2.6 A
0.2 A
2.6 A
3.0 A
0.2 A
2.7 A
2.5 A
0.1 A
2.6 A
2.3 A
0.1 A
Treatment least squares means grouped by honey

Auxin Rate
0 ppm IBA
3,000 ppm IBA
3,500 ppm IBA
4,000 ppm IBA
4,500 ppm IBA
0 ppm IBA
3,000 ppm IBA
3,500 ppm IBA
4,000 ppm IBA
4,500 ppm IBA
0 ppm IBA
3,000 ppm IBA
3,500 ppm IBA
4,000 ppm IBA
4,500 ppm IBA
0 ppm IBA
3,000 ppm IBA
3,500 ppm IBA
4,000 ppm IBA
4,500 ppm IBA

-

Honey Typey
Auxin Ratex
Honey Type×Auxin Rate
Honey Type
None
Local Multiflora
Manuka (15+ UMF)
Commercial Multiflora

Honey Type

None

Local Multiflora

Manuka (15+ UMF)

Commercial Multiflora

Avg. Length of three
Shoot Height
longest roots (cm)
(cm)
Significance of treatment factors
NS
NS
NS
NS
0.0764
NS
Least Squares means for main effects

Root Quality
Ratingz

Net Photosynthesis (A)
(µmol·m-2·s-1)

Stomatal Conductance
(gsw) (mol·m-2·s-1)

NS
NS
NS

**
NS
NS

**
**
NS

3.4 a
3.5 a
3.3 a
3.5 a

0.3 abz
0.3 b
0.7 ab
0.8 a

0.002 b
0.01 a
0.02 a
0.02 a

3.3 A
3.5 A
3.5 A
3.5 A
3.4 A

0.5 A
0.7 A
0.5 A
0.4 A
0.4 A

0.02 A
0.01 AB
0.01 AB
0.0003 B
0.01 A

3.2
3.1
3.5
3.6
3.8
3.6
3.5
3.4
3.4
3.2
3.3
3.7
3.5
3.5
3.4

1.3
1.3
1.2
1.4
1.2
1.4
1.5
2.3
1.8
1.5
1.3
2.1
1.7
1.5
1.8
1.6

0.02
0.03
0.01
0.02
0.01
0.04
0.04
0.04
0.02
0.01
0.03
0.03
0.03
0.02
0.02
0.02

Auxin Rate

2.5 abcz
2.1 bc
2.4 abc
2.5 abc
2.3 abc
2.2 bc
2.6 ab
2.3 abc
2.8 a
2.8 a
2.6 abc
2.3 abc
2.6 ab
2.3 abc
2.4 abc
1.8 c
2.7 ab
2.8 ab
2.8 a
2.4 abc

2.4 a
2.6 a
2.9 a
2.4 a

0.1 a
0.1 a
0.3 a
0.2 a

2.4 ab
2.4 ab
2.7 ab
3.1 ab
2.5 ab
2.5 ab
3.5 ab
2.4 ab
3.8 a
2.5 ab
2.4 ab
1.8 b
2.9 ab
2.5 ab
2.6 ab
2.2 ab

0.1
0.1
0.1
0.3
0.1
0.4
0.6
0.2
0.2
0.1
0.2
0.2
0.3
-
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Root Quality (1-5, with 1 = callused cutting without roots and 5 = ≥ 10 roots); yHoney: None, local multiflora honey, Manuka (15+ UMF) honey, and a commercial multiflora honey; xAuxin rate: 0,
3,000, 3,500, 4,000, or 4,500 ppm IBA applied as a 3-sec basal quick-dip; wWhen the interaction term (Honey Type*Auxin Rate) in the model is not significant (p > 0.10), main effects means for
levels within each treatment factor followed by the same lower-case (honey type) or upper-case letter (auxin rate) are not significantly different using the Holm-Simulated method for multiple
comparisons (α = 0.05). When the interaction term in the model is significant (p ≤ 0.10), simple effects means (treatment means for honey type grouped within auxin rate) followed by the same lowercase or upper-case letter are not significantly different using the Holm-simulated method for multiple comparisons (α = 0.05); otherwise, the treatment means are presented without letter groupings
for informational purposes. NS = not significant
z
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Table 3.2

Results of three different honey sources and five varying auxin rates on rooting
percentage, root number, average root length, root quality, and growth of terminal
stem cuttings of southern magnolia (Magnolia grandiflora 'Little Gem').

Rooting
(%)
Roots (no.)
Significance of treatment factors
Honey Typey
x

Auxin Rate
Honey Type×Auxin Rate
Honey Type
None
Local Multiflora
Manuka (15+ UMF)
Commercial Multiflora

NS

0.0002

NS
NS
NS
NS
Least squares means for main effects
Auxin Rate
13.3
13.3
6.7
3.3

2.1 cx
2.7 ab
2.4 bc
2.9 a

Avg. Length of
three longest roots
(cm)

Root Quality
Ratingy

NS

0.0377

NS
NS

NS
NS

9.1 a
9.1 a
9.7 a
9.4 a

3.4 b
3.8 ab
3.6 ab
4.1 a

0 ppm IBA
13.3
2.1 A
8.7 A
3.5 A
2,500 ppm IBA
13.3
2.7 A
10.0 A
3.9 A
3,000 ppm IBA
20.0
2.7 A
9.2 A
3.8 A
3,500 ppm IBA
13.3
2.6 A
10.0 A
3.8 A
4,000 ppm IBA
10.0
2.4 A
8.7 A
3.6 A
z
y
Root Quality (1-5, with 1 = callused cutting without roots and 5 = ≥ 10 roots); Honey: None, local multiflora
honey, Manuka (15+ UMF) honey, and a commercial multiflora honey; xAuxin rate: 0, 250, 500, 750, or 1,000 ppm
IBA applied as a 3-sec basal quick-dip; wWhen the interaction term (Honey Type×Auxin Rate) in the model is not
significant (p > 0.10), main effects means for levels within each treatment factor followed by the same lower-case
(honey type) or upper-case letter (auxin rate) are not significantly different using the Holm-Simulated method for
multiple comparisons (α = 0.05). NS = not significant
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Figure 3.1

Representative samples of cutting material used for this study: (top-left)
representative sample of magnolia cutting; (top-right) example of wounding on
Magnolia grandiflora ‘Little Gem’; (bottom left) representative sample of camellia
cutting; (bottom right) example of wounding on Camellia japonica.
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CHAPTER IV
EVALUATION OF ONE-TIME APPLICATIONS OF FOLIAR APPLIED AUXIN COAPPLIED WITH A SURFACTANT FOR USE IN COMMERCIAL CUTTING
PROPAGATION
Abstract
Use of foliar auxin applications are increasing in the nursery and greenhouse industry.
However, previous research has shown that insufficient auxin is being absorbed or translocated
to the site of action when foliar auxin applications are used. It is theorized that addition of
surfactants to foliar applications of auxin may help with the absorption and translocation of auxin
to the site of action. Research was conducted to determine whether addition of surfactants to onetime foliar applications of indole-3-butyric acid (IBA) would be as effective as the current
industry standard, the basal quick-dip. Terminal, semi-hardwood cuttings of Red Cascade™
miniature climbing rose (Rosa ‘MOORcap’), common camellia (Camellia japonica) and
‘Southern Charm’ magnolia (Magnolia grandiflora ‘Southern Charm’) were sprayed to the drip
point using Hortus IBA Water Soluble Salts™ at concentrations of 0 ppm, 50 ppm, 75 ppm, or
100 ppm for rose cuttings or 0 ppm, 500 ppm, 1,000 ppm, or 1,500 ppm IBA for camellia or
magnolia. To serve as an industry control, the basal end of cuttings was immersed for 3-sec in a
solution of either 250 ppm, 4,000 ppm or 2,500 ppm for rose, camellia, or magnolia,
respectively. A foliar application of 1,500 ppm after sticking was as effective as the basal quickdip for cuttings of ‘Southern Charm’, while other spray treatments were less effective. A basal
63

quick-dip was more effective than a foliar spray for rooting cuttings of camellia. Auxin rate had
no impact on rooting of Red Cascade™ miniature rose. The goal of commercial plant propagation
is to produce high-quality rooted cuttings as quickly as possible. Plant propagation places a large
demand on labor within the nursery industry, with one recent report being that labor accounts for
> 50% of a nursery’s budget. Our results from this trial affirm the results reported by similar
trials into foliar applications of auxin suggests that benefits of foliar applications are species
dependent. Further work is warranted on examining other auxin formulations in addition to
different surfactant formulations.
Introduction
Research into foliar application methods over the past decade indicated that one-time
applications are the standard (Blythe et al., 2007; Kroin, 1992). When applied to herbaceous
cuttings post-insertion into the media, much lower concentrations (50 to 100 ppm) of rooting
hormones are required compared to other conventional application methods (Dole and Gibson,
2006). Overhead applications of water-soluble indole-3-butyric acid (IBA) are increasing in the
nursery industry. In the nursery industry, IBA is the preferred auxin for promoting adventitious
rooting compared to indole-3-acetic acid (IAA) due to its stability to both heat and light
degradation (Blythe et al., 2007). Bailey Nurseries Inc. in Minnesota and Oregon has been conducting repetitive on-farm trialing for the last decade (Drahn, 2007). Their results indicated that
many of the taxa commonly propagated respond similarly to foliar-applied auxin compared to a
traditional basal quick-dip. At Bailey Nurseries, propagation trays and beds are treated with a
single application of water-soluble IBA ranging from 250 to 2,000 ppm (Drahn, 2007). Decker’s
Nursery in Ohio uses a battery-powered backpack sprayer to treat their cuttings since it atomized
the auxin solution similarly to the mist from the cutting irrigation system and applied a very
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small droplet with excellent coverage over both the top and bottom of the cutting (Decker and
Graff, 2016). Since propagation areas vary in size, overhead applications are applied via a
backpack sprayer for small houses and reel-and-hose sprayers for larger production areas. When
being applied overhead, Kroin (2014) recommends to “spray the solution evenly over the
cuttings until drops fall onto the media”. To do this, Bailey Nurseries aims to deliver 1 L per 60
ft2 (rough-ly 114-136 L per 557 m2). Currently, both Decker’s Nursery and Bailey Nurseries generally treat their cuttings within 24 h of being stuck, either at the end of each day or the first
thing the following morning, but application occurring during the day in conjunction with
frequent mist intervals has not reduced efficacy (Drahn, 2007; Decker and Graff, 2016). Cuttings
are treated in the early morning or late afternoon due to both lower light levels and reduced
misting requirements. For both nurseries, the switch to foliar applications reduced handling and
time cuttings spend in cold storage and the preparation room, where problems associated with
lengthened exposure to low temperatures, low humidity, and/or handling can occur (Drahn,
2007). In 2003, 99.6% of cuttings at Bailey Nurseries were quick-dipped and 0.4% were treated
with foliar applications. By 2007, the percentages had reversed, with 95% of all propagated
material being treated with overhead applications and 5.2% of material being hand-dipped
(Drahn, 2007). Currently, overhead applications of water-soluble IBA are used to treat the
following genera at Bailey Nurseries Minnesota operation: Acer, Berberis, Cornus, Diervilla,
Euonymus, Forsythia, Hydrangea, Juniperus, Lonicera, Philadelphus, Physocarpus, Rhus, Rosa,
Spiraea, Symphoricarpos, Syringa, Thuja, Viburnum, and Weigela (Drahn, 2007).
Nursery owners have made the switch to foliar auxin applications because of a desire to
reduce employee exposure to chemicals, develop a more streamlined and sanitary approach to
propagation, and reduce the cost of labor associated with rooting hormone applications (Drahn,
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2007). Another benefit of switching to overhead applications from basal quick-dips are similar
rooting times and subsequent shoot and root development compared to using a basal quick-dip.
However, several taxa (Amelanchier, Aronia, Rosa, and Symphoricarpos) have exhibited growth
differences between treatment methods (Drahn, 2007). For several genera of landscape
significance, foliar auxin applications resulted in delays of vegetative growth and flowering by
one to two weeks compared to basal quick-dip; however, over several months the differences
between vegetative growth and flowering were not discernible between foliar applications and
basal quick-dip (Drahn, 2007). In addition, multiple trials of several taxa of Prunus and
Rhododendron receiving overhead auxin did not root as well as cuttings receiving a basal quickdip, and rooting was slower for cuttings treated with overhead applications compared to basal
quick-dips (Drahn, 2007). Although the label for water-soluble salts identifies a zero reentry
interval and permits application to be made while workers are present in the house, waiting to
treat the cuttings until workers have finished planting is a pre-cautionary step (Drahn, 2007;
Decker and Graff, 2016). Applications are supervised by a trained and licensed applicator, which
further reduced the number of employees exposed to chemical. Both Decker’s Nursery and
Bailey Nurseries have seen a more streamlined propagation process after making the switch by
reducing the number of employees responsible for treating cut-tings, which historically was 8 to
10 people. Limiting the number of employees that treat cutting material also ensures consistency
and accuracy (Drahn, 2007). Decker’s Nursery has seen an estimated 20% increase in daily
production by removing the extra step of dip-ping handfuls of cuttings (Decker and Graff, 2016).
By switching application methods, Bailey Nurseries and Decker’s Nursery have been able to
trade relatively high labor costs and low chemical costs for the inverse. For Decker’s Nursery,
the increased hormone cost has been offset by no longer having to purchase several hundred
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dollars’ worth latex gloves for the propagation staff on a yearly basis (Decker and Graff, 2016).
For Bailey’s Nursery, hand-dipping 90,000 cutting would normally require eight people working
thirty labor hours while utilizing foliar auxin applications takes an applicator roughly one hour to
prepare, apply, and clean the spray equipment when finished (Drahn, 2007). The chemical cost to
treat those 90,000 cuttings at 750 ppm was $16 using the traditional basal quick-dip and $74
using foliar auxin applications (Drahn, 2007). Decker’s Nursery has further reported that it takes
one applicator no more than five minutes to treat a greenhouse that is 30’×98’ (2,940 ft2) in area
(Decker and Graff, 2016).
In addition, the potential for cross contamination has been eliminated since cuttings are
no longer dipped into a stock solution (Drahn, 2007). Previous work conducted by Blythe et al.
(2003; 2004) looked at common ornamental plants (Aglaonema modestum, Ficus benjamina,
Gardenia augusta ‘Radicans’, Hedera helix ‘Ivalace’, Abelia ×grandiflora, Hydrangea
paniculata, and Lagerstroemia × ‘Natchez’) to determine if they would benefit from an overhead
application of IBA + NAA (Blythe et al., 2004) or K-IBA (Blythe et al., 2003) when compared
to traditional basal quick-dip. Results indicated that Gardenia augusta ‘Radicans’ benefited from
an overhead application of auxin at a concentration of 25 ppm IBA + 14 ppm NAA or greater or
a basal quick-dip compared to untreated cuttings (Blythe et al., 2003; Blythe et al., 2004).
Insufficient auxin was absorbed and translocated to the site of root initiation compared to the
amount of auxin received from a basal quick-dip and it was concluded that further work with
auxin formulations, surfactants, and application methods is warranted to determine whether
overhead application of auxin has commercial value (Blythe et al., 2003; Blythe et al., 2004).
Surfactants are common in agricultural production as penetration of the leaf cuticle is
required for efficacy of foliar-applied compounds (Robertson and Kirkwood, 1969).
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Effectiveness of foliar-applied compounds depends on ability to penetrate through the cuticle and
trans-locate to the site of action (White et al., 2002). Surfactants enhance penetration of these
chemicals by increasing the wetting capacity up to the critical micelle concentration (CMC),
defined as the concentration above which any added surfactant molecules appear with high
probability as micellar aggregates (Ruckenstein and Nagarajan, 1975; Lownds et al., 1987).
Lownds conducted research (1987) to determine the effects surfactants would have on foliar
penetration of NAA and NAA-induced ethylene production by cowpea [Vigna unguiculata (L.)
Walp. subsp. unguiculata cv. Dixielee]. This research indicated that foliar penetration of NAA
was increased when co-applied with a surfactant (Pace, Regulaid®, or Tween® 20) and all three
induced similar qualitative changes in surface tension, contact angle, and droplet: leaf
interaction. All three surfactants increased the droplet: leaf ratio. However, Regulaid® was the
only surfactant tested that showed a correlation between NAA penetration and interface area.
Temperature and humidity are the two most important factors affecting herbicide efficacy
(i.e., foliar-applied chemicals), and they are also important in cutting propagation. Optimal
uptake of foliar applied chemicals occurs in warm, humid conditions (Ramsey et al., 2005).
Physiologically, warm temperatures change the viscosity of the cuticle wax, thus increasing
diffusion of solutes through the cuticle (Ramsey et al., 2005). While diffusion across the cuticle
is increased at higher temperatures, increases in efficacy of the chemical are not always observed
(Ramsey et al., 2005; Devine et al., 1993). It has been theorized that this is due to reduced
availability of the chemical caused by rapid drying of droplets in warm conditions (Ramsey et
al., 2005). Humidity effects on cuticle composition are not physical effects like those from
temperature but are related to rate of droplet drying and cuticle hydration (Ramsey et al., 2005).
Sibley et al. (2018) hypothesized that surfactants added to irrigation water would decrease the
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surface tension of leaf menisci while increasing matric potential and total water potential. These
changes would lead to a decrease in transpiration. Plants watered with solutions containing
surfactants would have lower water stress than those watered with solutions not containing
surfactants (Sibley et al., 2018). Adding a surfactant at any level (0, 25, 50, 75, 100, or 125
mg·L-1) to irrigation water of New Guinea impatiens ‘Celebrate Salmon’ led to an increase in
height, width, growth index, fresh and dry weights compared to those irrigated with solutions not
containing surfactants. In addition, Tween® 20added to irrigation water at a rate of 100 mg·L-1,
which is approximately the CMC of Tween® 20, reduced leaf transpiration. When surfactants
reach their CMC, surface tensions of solutions are at their lowest level (Green and Bukovac,
1974). Their results were consistent with Kubik and Michalczuk (1993) in their experiments
looking at effects of surfactants on transpiration of strawberry leaves. Strawberry leaves treated
with Tween® 20 showed a slight de-crease in transpiration lasting 60 minutes before increasing
back to normal level. In addition, K+ applied to leaves with a surfactant showed a considerable
increase in transpiration. This increase is due to the role potassium plays in the regulation of
stomatal opening and closing. Water-soluble salts of IBA (K-IBA) should theoretically behave
like other salt compounds and break down in an aqueous solution to the primary components, K+
and IBA. Additionally, addition of surfactants to vase water of cut roses has been shown to
increase shelf life. Ueyama and Ichimura (1998) reported that treating cut roses with their leaves
retained in a 500-ppm solution of 2-hydroxy-3-ionene chloride polymer (HICP) for 4 hours
extended life for 6 days be-yond those treated with water alone. Sibley et al. (2018) concluded
that addition of surfactants to irrigation water for transplanted plugs decreased transpiration rate
and stomatal conductance, but this has not been observed or reported in a cutting propagation
environment.
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The objective of this research was to evaluate whether addition of surfactants to foliar
auxin solutions increased plant physiological responses compared to the industry-standard basal
quick-dip for semi-hardwood cuttings of Red Cascade™ miniature rose (Rosa ‘MOORcap’),
common camellia (Camellia japonica) and ‘Southern Charm’ magnolia (Magnolia grandiflora
‘Southern Charm’).
Materials and Methods
The research was conducted at the South Mississippi Branch Experiment Station located
in Poplarville, Mississippi, USA (latitude 30° 50’ 38.328” N, longitude 89° 32’ 13.704” W).
Plant Material
Red Cascade™ miniature climbing rose (Rosa ‘MOORCAP’), common camellia
(Camellia japonica) and ‘Southern Charm’ (Magnolia grandiflora ‘Southern Charm’) were
selected as representatives of an easy-to-root, moderate-to-root-, and a difficult-to-root plant
species available in the nursery industry (Fig. 4.1).
Treatments
For this experiment, the effect of four foliar auxin concentrations [0, 50, 75, or 100 ppm
(rose) or 0, 500, 1,000, or 1,500 ppm IBA (camellia and magnolia) (Hortus IBA Water Soluble
Salts™; Phytotronics Inc., Earth City, MO)] each at two Regulaid® concentrations [0 or 0.85
ppm) (KALO Inc., Overland Park, KS)] on rooting of a miniature rose, common camellia, and
southern magnolia. Additionally, a basal quick-dip of either 250 ppm IBA (rose), 4,000 ppm IBA
(camellia), or 2,500 ppm IBA (magnolia) was used as an industry control.
In this experiment, a complete factorial (5 auxin rates × 2 surfactant concentrations) set
of treatments within a completely randomized design was used with 15 cuttings per treatment.
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Basally applied auxin rates used for this study were selected based on previously reported studies
on these species (Dirr and Heuser, 2006; Dirr, 2009), as well as conversations with industry
members while the rates used for foliar auxin applications were derived from the literature
provided by Hortus (Kroin, 2014).
Data Collection
At study termination, data were collected as percentage of cuttings rooted, number of
roots per cutting, average length of the three longest roots, shoot length, and root quality. Root
quality was assessed on a rating scale from 1 to 5 with 1 being a callused cutting without roots
and a 5 representing a cutting with 10 or more roots. Additionally, at study termination, net
photosynthetic rate (A) and stomatal conductance (gsw) values were taken at study termination
between the hours of 0730 and 1130 using the LiCOR 6800 Portable Photosynthesis System (LICOR Biosciences; Lincoln, NE).
Rose
Two-inch (5.1-cm), two node medial cuttings of Rosa ‘MOORcap’ were harvested from
greenhouse maintained stock plants and stick to a depth of 0.5 in (1.3 cm) on 4 December 2020.
Propagation medium was 100% pine bark placed into 3.5 inch (8.3 cm) square production pots
(T.O. Plastics, Inc., Clearwater, MN). Cuttings receiving foliar applications of auxin were
sprayed once to runoff with a 1-gal (3.8 L) battery operated sprayer (One World Technologies,
Inc., Anderson, SC). Pine bark for this experiment was sourced from Eakes’ Nursery Materials
(Seminary, MS) and delivered as a mix of 50% aged and 50% fresh bark passed through a 3/8”
(0.95 cm) screen. After treatment, cuttings were placed under intermittent mist applied for 6
sec/10 min during daylight hours and adjusted as needed for duration of the study. Over the
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course of the study, the average relative humidity was 75.6% while the average temperature was
65.6°F (18.6°C). After 42 days, the study was terminated, and the data was collected as
previously mentioned.
Camellia
Five-inch (12.7-cm), five-node terminal cuttings of Camellia japonica were
harvested from established landscape plants and stuck to a depth of 0.5 inch (1.3 cm) on 16
December 2020. During cutting preparation, a one-inch (2.5 cm) wound was applied to one side
of the basal end of cutting. Propagation medium was 100% pine bark placed into 3.5 inch (8.3
cm) square production pots (T.O. Plastics, Inc., Clearwater, MN). Cuttings receiving foliar
applications of auxin were sprayed once to runoff with a 1-gal (3.8 L) battery operated sprayer
(One World Technologies, Inc., Anderson, SC). Pine bark for this experiment was sourced from
Eakes’ Nursery Materials (Seminary, MS) and delivered as a mix of 50% aged and 50% fresh
bark passed through a 3/8” (0.95 cm) screen. After treatment, cuttings were placed under
intermittent mist applied for 6 sec/10 min during daylight hours and adjusted as needed for the
studies duration. Over the course of this study, the average relative humidity was 77.9%, while
the average temperature was 65°F (18.6°C). After 60 days, the study was terminated, and data
was collected as previously mentioned.
‘Southern Charm’ Magnolia
Five-inch (12.7-cm), five-node terminal cuttings of Magnolia grandiflora ‘Southern
Charm’ were harvested from established landscape plants and stuck to a depth of 0.5 inch (1.3
cm) on 13 April 2021. During cutting preparation, one-inch (2.5 cm.) wounds were applied to
opposite sides of the basal end of the cutting. Propagation medium was 100% pine bark placed
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into 4.5 inch (11.5 cm) square production pots (T.O. Plastics, Inc., Clearwater, MN). Cuttings
receiving foliar applications of auxin were sprayed once to runoff with a 1-gal (3.8 L) battery
operated sprayer (One World Technologies, Inc., Anderson, SC) (Fig.4.2). Pine bark for this
experiment was sourced from Eakes’ Nursery Materials (Seminary, MS) and delivered as a mix
of 50% aged and 50% fresh bark passed through a 3/8” (0.95 cm) screen. After treatment,
cuttings were placed under intermittent mist applied for 4 sec/4 min during daylight hours and
adjusted as needed for the studies duration. Over the course of this study, the average relative
humidity was 76.9%, while the average temperature was 74.3°F (23.5°C). After 125 days, the
study was terminated, and data was collected as mentioned above.
Statistical Analysis
In this experiment, an augmented factorial (4 auxin rates × 2 surfactant
concentrations, plus a control) set of treatments within a completely randomized design was used
with 15 cuttings per treatment. Data were analyzed using linear models and generalized linear
models with the GLIMMIX procedure of SAS version 9.4 (SAS institute, Cary, NC) Mean
separation was performed using the Holm-Simulated Method for multiple comparisons to
maintain an overall significance level of α = 0.05.
Results
Rose
Rooting percentage of rose ranged from 93% to 100%, but surfactant nor auxin rate
impacted rooting percentage (Table 4.1). Use of surfactant nor auxin rate had no effect on
number of roots, average length of the three longest roots, shoot height, root quality, or stomatal
conductance (Table 4.1). Auxin rate influenced net photosynthesis (Table 4.1). Cuttings that
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were treated with either 50 or 100 ppm IBA resulted had higher net photosynthesis values
compared to cuttings treated with a basal quick-dip of 250 ppm IBA (Table 4.1).
Camellia
Rooting percentage of camellia ranged from 23% to 50%, but surfactant nor auxin
rate impacted rooting percentage (Table 4.2). Additionally, use of surfactant nor auxin rate had
no effect on shoot height, or stomatal conductance (Table 4.2). Both use of surfactant and auxin
rate influenced root number. Cuttings that were treated with 85 ppm Regulaid® had more roots
compared to cuttings that received no surfactant (Table 4.2). Cuttings that were treated with
4,000 pm IBA as a basal quick-dip had more roots compared to cuttings that were treated with
foliar applications, regardless of rate. The use of 0.85 ppm Regulaid® resulted in greater root
lengths, greater root quality ratings, and higher net photosynthesis values compared to cuttings
not treated with surfactant (Table 4.2).
‘Southern Charm’ Magnolia
Rooting percentage of ‘Southern Charm’ magnolia ranged from 33% to 73% but use
of surfactant nor auxin rate impacted rooting percentage (Table 4.3). Use of surfactant or auxin
rate had no effect on the average length of the three longest roots, net photosynthesis, or stomatal
conductance values (Table 4.3). Treating cuttings with a foliar application of 1,500 ppm IBA or
dipping cuttings in a 2,500 ppm IBA quick-dip resulted in cuttings with more roots compared to
cuttings that received a foliar auxin application of 0, 500, or 1,000 ppm IBA (Table 4.3). Use of
surfactant and auxin rate were significant for shoot height and root quality ratings (Table 4.3).
Use of 85 ppm Regulaid® resulted in greater shoot heights and root quality ratings than cuttings
not receiving surfactant at treatment initiation. For shoot height, cuttings treated with a 2,500
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ppm basal quick-dip had a greater shoot length than cuttings treated with 0, 500 ppm, or 1,000
ppm IBA. Root quality rating for cuttings receiving foliar applications of 1,500 ppm IBA or
2,500 pm basal quick-dip were greater than cuttings treated with 0, 500 ppm, or 1,000 ppm IBA.
Discussion
In the nursery industry, root-promoting compounds are applied to stem cuttings to
stimulate adventitious rooting in a wide range of species and cultivars (Crawford et al.,2016).
Through this application, producers are aiming to accelerate root initiation, as well as root
numbers, uniformity, and quality (Blythe et al., 2007; Crawford et al., 2016). Since the first
research into use of auxins for use in propagation practices [Blythe et al., 2007; Crawford et al.,
2016; Hitchcock and Zimmerman, 1939, the basal quick-dip has been the preferred method for
plant propagators due to its speed, simplicity, and uniformity of application and the greater
economy for treating large number of cuttings (Blazich, 1988; Hartmann et al., 2011;
Macdonald, 1987; Wood, 1981). Researchers have also examined other auxin application
methods to determine application efficiency (Blythe et al., 2007; Chadwick and Kiplinger, 1938).
Chadwick and Kiplinger (1938) reported that treatment of IAA at a concentration of 100 ppm or
three times with a foliar application of 20 ppm was not as effective as a basal quick-dip.
Furthermore, spraying stem cuttings of strawberry tree (Arbutus unedo) with 300 ppm IAA
spread over 48 hrs. resulted in plant injury, and no successful rooting. Foliar applications of
auxin at 300 ppm were recommended for bean (Phaseolus spp.), marigold (Tagetes spp.), coleus
(Solenostemon spp.), marguerite (Argyranthemum frutescens), and carnation (Dianthus
caryophyllus) (Hildreth and Mitchell, 1939). Sprays with IBA resulted in a greater number of
roots on cuttings compared to non-treated cuttings. While the spray technique was noted as being
easier to apply, less likely to injure cuttings, and the ability to repeat applications without
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disturbing cuttings, it was less economical compared to some basal quick-dip treatments
(Hildreth and Mitchell, 1939). Due to the reported economic disadvantage of foliar applications,
the basal quick-dip was the pre-dominate method of applying root-promoting compounds since
its inception in the late 1930s. Thanks in part to increasing labor demands, research into
alternative methods (i.e. foliar auxin applications) have increased in earnest in the last 15 years
(Blythe et al., 2007; Blythe et al., 2003). Since the renewed interest, there have been several
reports on species’ dependency of foliar applied auxin (Blythe et al., 2007; Blythe et al,. 2004;
Blythe et al., 2003).
One of the primary concerns with foliar auxin applications for use in commercial cutting
production is insignificant auxin being translocated to the site of action (i.e. basal end of stem
cutting) for use in stimulating adventitious root formation com-pared to using a basal quick-dip
(Blythe et al., 2007; Blythe et al., 2004; Blythe et al., 2003). Results from research conducted by
Chadwick and Kiplinger (1938) identified that both IBA and NAA were superior in stimulating
adventitious rooting compared to IAA, thanks in part to the stabilities of the former to both heat
and light degradation. It wasn’t until the 1950’s that IBA was found to be present in planta and
no longer labeled as ‘synthetic auxin’ (Blommaert, 1954). IBA has since been found to be
present in numerous plant tissues and make up a variable percentage of the endogenous auxin
concentration (Fattorini et al., 2017; Kaur, 2017). Recent research has shown that IBA levels in
planta remain low until adventitious rooting occurs, which stimulates an increase. For example,
when exogenous IBA was applied to Arabidopsis thaliana at 10 ppm, endogenous IBA levels
tripled while endogenous IAA levels doubled (Veloccia et al., 2016). This result has shown that
exogenously applied IBA must be converted to IAA prior to use in adventitious root formation
(Ludwig-Muller et al., 2005; Pacurar et al., 2014; Rout, 2006). Previous work on the movement
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of auxin within plant tissues has shown that endogenous auxin is produced in the plant tissues
before conjugation and moved to storage (Blythe et al., 2007; Kaur, 2017). When applied to the
basal end of stem cuttings, exogenous IBA must move through the tissue to the conversion site
be-fore becoming available for use; whereas auxin applied directly to the leaves should be
converted to the usable form in a quicker manner. However, the research into the movement of
IBA applied basally and in applied directly to the foliage warrants further investigation to verify
this claim (Blythe et al., 2007; Salmi and Hesami, 2016; McComb and Wroth, 2006; Kentelky et
al., 2021; Kaur, 2017).
For rose, use of auxin did not impact tested rooting parameters but net photosynthesis
values were influenced by auxin rate. Results differ than those reported by Blythe et al (Blythe et
al., 2004; Blythe et al., 2003). Previous work reported that rooting response of Red Cascade™
rose increased with increasing auxin concentration. Our results indicated that the rooting
parameters tested in our experiment were not impacted by increasing auxin rate. Cuttings
receiving 0 ppm IBA as a foliar spray rooted similarly to those cuttings receiving a 250 ppm
basal quick-dip. Previous work using Red Cascade™ used terminal, single node cuttings as their
propagule whereas in this study, medial, multi-node cuttings were used. The use of multi-node
cuttings for propagation of Rosa spp. is recommended by Dirr and Heuser (2006). Kroin (1992)
reports that adventitious root formation using foliar auxin applications for Rosa spp. produced
high quality roots when using a foliar application of 50 to 100 ppm IBA, which differs from the
results observed in our study. When producing a crop of Red Cascade™ rose without hormone,
growers can cut out both the cost of labor needed to treat the cuttings and the cost of the
hormone itself, thereby maximizing their profits.
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Results with Camellia japonica suggest that basal quick-dip is the preferred method for
rooting cuttings of this species since other measured parameters were similar regardless of auxin
treatment. One-time foliar applications do not sufficiently improve rooting responses compared
to the commercial standard basal quick-dip. Our results are similar to the propagation parameters
for camellia (Dirr and Heuser, 2006; Dirr, 2009). Previous research by Dirr and Heuser (2006;
2009) on propagation of camellia indicated that auxin rates between 3,000 and 5,000 ppm
stimulate adventitious rooting of camellia. Previous work on rooting of Ficus religiosa has
suggested that physiological status of the mother plant is an important prerequisite in achieving
homogenous rooting of cuttings (Salmi and Hesami, 2016). For example, changes in
photosynthetic properties and water content impact carbohydrate production which plays a
critical role in adventitious rooting and overall plant survival (Salmi and Hesami, 2016). The
cutting material used in this study were taken from well-established landscape plants that were
part of an old arboretum and estimated to exceed 30 years of age. According to Dirr and Heuser
(2006; 2009), the time of year and age of stock plant material is critical for adventitious rooting
for camellia. Further, a correlation between flowering and adventitious rooting can very between
species (Salmi and Hesami, 2016; Kibber et al., 2004). Several studies have reported that
adventitious roots are not readily formed during flowering of Eucalyptus resinifera or
Backhousia citriodora (Kibber et al., 2004; McComb and Wroth, 2006). During the time period
of our study, flowering was occurring. While caution was used to select cutting material without
a flower bud, the physiological change the stock plant undergoes when transitioning from
vegetative growth to reproductive growth could have negatively affected the adventitious rooting
ability of Camellia japonica. Our results vary from Dirr and Heuser (2006; 2009) that fall and
winter months, periods were flowering is occurring, may not be optimal propagation period. At
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any given point, the correlation between multiple environmental factors the stock plant is
exposed to and the rooting response is con-trolled by the single most-limiting factor (Kibber et
al., 2004). Our results conclude with other studies that propagation period is a critical for the
rooting process and could be a species-dependent factor, similar to effectiveness of foliar auxin
applications as observed in the study reported above (Kentelky et al., 2021).
For Magnolia grandiflora ‘Southern Charm’, the best rooting was observed when
using a foliar spray of 1,500 ppm IBA or using a 2,500 ppm basal quick-dip compared to foliar
applications of lower concentrations. One-time foliar applications of auxin appear to be of
benefit for this species. Previous work on the propagation of Magnolia species have shown that
exogenously applied IBA is necessary to induce adventitious rooting (Sharma et al., 2006).
While rooting did occur in the absence of rooting hormone, treating cut-tings with IBA increased
the rooting capacity significantly (Kentelky et al., 2021). In previous research a range of 5,000
ppm to 20,000 ppm IBA in talc is recommended, but variation among species has been reported
(Dirr and Heuser, 2006; Hartmann et al., 2011; Sharma et al., 2006; Ellis, 1988). As previously
discussed, age and physiological status of the mother plant are important prerequisites for
homogenous rooting (Salmi and Hesami, 2016). Cutting material of ‘Southern Charm’ used in
the described study were sourced from well-maintained stock plants from the campus of
Mississippi State University (Starkville, MS; USDA Zone 7b) and estimated to be approximately
15 years of age. One concern growers have had with foliar auxin applications is that shoot
growth was observed to be stunted in several plant genera (Decker and Graff, 2016). This was
not observed in our trial with ‘Southern Charm’. Cuttings receiving a 1,500 ppm foliar
application resulted in similar shoot lengths as cuttings treated with a 2,500 ppm basal quick-dip.
This resulting shoot growth from the 1,500 ppm treatment and the 2,500 ppm treatment was due
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in part to a more numerous, and higher quality root system compared to other tested IBA
concentrations. Our results are similar to those reported by Kaur (2017) in their study with
Prunus persica. In their study, greater plant height was observed in a 3,000 ppm IBA soak. This
increase in plant height was theorized in increase photo-synthetic rate and, subsequently,
increased carbohydrate growth. How the increase in plant height truly affected the
photosynthetic rate of their cuttings is unknown; However, the increase in plant height observed
in our study did not correlate with a significant increase in photosynthetic rate. Further, they
observed a decrease in rooting percentage as IBA concentration increased (Kaur, 2017). While
their study reported using hardwood cuttings as their propagule, the literature recommends semihardwood cuttings taken during periods of active vegetative growth treated with 2,000 ppm as a
basal quick-dip for the propagation of Prunus persica (Dirr and Heuser, 2006; Dirr, 2009) for
cuttings taken from older stock plants. Like Kaur, our study with ‘Southern Charm’ was outside
the suggested propagation period for Magnolia spp. (Dirr and Heuser, 2006; Dirr, 2009; Kibber
et al., 2004). In the literature, semi-hardwood cuttings taken during the fall are recommended
(Dirr and Heuser, 2006; Dirr, 2009). However, there have been verbal accounts of nursery
owners having great success with spring cuttings of ‘Southern Charm’. Rooting cuttings in the
spring prior to flowering may benefit from the higher concentrations of endogenous auxin
theorized to be in active; thereby leading to an optimal endogenous hormone concentration to
achieve rooting that is not seen when traditional fall cuttings are taken when higher exogenous
auxin levels are recommended (Salmi and Hesami, 2016; Kibber et al., 2004; McComb and
Wroth, 2006). For nursery owners, switching from a fall propagation to a spring propagation
schedule may result in increased labor efficiency as spring is the optimal rooting period for
numerous plants of landscape performance. Additionally, extending the propagation period for
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‘Southern Charm’ would allow for rooting cuttings in as short of a period as possible and moving
the plants down the production line and subsequently sold quicker than the current suggested
propagation window (Kentelky et al., 2021). From our study, it can be concluded that application
method and auxin concentration is entirely species dependent, as has been reported by other
researchers (Salmi and Hesami, 2016; Kibber et al., 2004; McComb and Wroth, 2006; Kentelky
et al., 2021; Kaur, 2017; Kabanova et al., 2020; Chosh et al., 2017; Kumar et al., 2020).
Conclusion
The goal of commercial plant propagation is to produce high-quality rooted cuttings as quickly
as possible. Plant propagation places a large demand on labor within the nursery industry, with
one recent report being that labor accounts for > 50% of a nursery’s budget (Blythe et al., 2007).
This present study provides new experimental data on the comparison of basal quick-dip versus
foliar auxin applications on three woody shrubs common in the landscape industry. In addition,
the non-ionic surfactant Regulaid® was tested as an adjuvant for foliar auxin applications. Our
results suggest that sufficient auxin was absorbed from foliar applications and translocated to the
site of root initiation to result in a root response comparable to a basal quick-dip for ‘Southern
Charm’ magnolia but not for common camellia or Red Cascade™ miniature rose. By using a
foliar application of 1,500 ppm IBA on a crop of ‘Southern Charm’ magnolia, growers can
eliminate the use of a basal quick-dip for propagation of this plant. The basal quick-dip is still the
preferred propagation method for common camellia and Red Cascade™ miniature rose. Our
results from this trial affirm the results reported by similar trials into foliar applications of auxin
suggests that benefits of foliar applications are species dependent (Blythe et al., 2004). Further
work is warranted on examining other auxin formulations in addition to different surfactant
formulations. The methods described above should be applied to further woody ornamental plant
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species of importance to increase the body of literature of plant material that benefits from foliar
auxin applications.
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Table 4.1

Results of surfactant co-application with foliar-applied root-promoting compounds on rooting percentage, root
number, average root length, growth, root quality, and net photosynthesis, and stomatal conductance of medial
stem cuttings of ‘Red Cascade’ miniature climbing rose (Rosa ‘MOORcap’).

Rooting
(%)
Surfactanty
x

Auxin Rate
Surfactant×Auxin
Rate
Surfactant

Avg. Length of
Shoot
Roots
three longest roots
Height
(no.)
(cm)
(cm)
Significance of treatment factors

Root
Quality
Ratingz

Net Photosynthesis
(A)
(µmol·m-2·s-1)

Stomatal
Conductance (gsw)
(mol·m-2·s-1)

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

0.0192

NS

NS

NS
NS
NS
Least squares means for main effects

NS

NS

NS

2.7 a
2.6 a

3.5 a
3.1 a

0.3 a
0.2 a

Auxin Rate
®

0 ppm Regulaid
0.85 ppm Regulaid®

97%
97%

1.4 aw
1.4 a

12.5 a
12.8 a

1.1 a
1.0 a

0 ppm foliar
IBA
97%
1.4 A
12.2 A
1.0 A
2.7 A
3.2 AB
0.3 A
50 ppm foliar
IBA
97%
1.4 A
12.8 A
0.8 A
2.5 A
4.5 A
0.1 A
75 ppm foliar
IBA
100%
1.4 A
13.0 A
1.2 A
2.6 A
3.2 AB
0.1 A
100 ppm foliar
IBA
93%
1.5 A
12.8 A
1.3 A
2.7 A
4.4 A
0.1 A
250 basal
quick-dip
100%
1.4 A
12.7 A
0.9 A
2.7 A
1.2 B
0.5 A
z
Root Quality (1-5, with 1 = callused cutting without roots and 5 = ≥ 10 roots); ySurfactant: 0 ppm Regulaid® or 0.85 ppm Regulaid® (KALO Inc.,
Overland Park, KS); xAuxin rate: 0, 50, 75, or 100 ppm as a foliar application or 250 ppm applied as a basal quick-dip; wWhen the interaction term
(Surfactant×Auxin Rate) in the model is not significant (p > 0.10), main effects means for levels within each treatment factor followed by the same
lower-case (surfactant concentration) or upper-case letter (auxin rate) are not significantly different using the Holm-Simulated method for multiple
comparisons (α = 0.05). NS = not significant
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Table 4.2

Results of surfactant co-application with foliar-applied root-promoting compounds on rooting percentage, root
number, average root length, growth, root quality, net photosynthesis values, and stomatal conductance values of
terminal stem cuttings of common camellia (Camellia japonica).
Rooting
(%)

Roots
(no.)

Avg. Length of
three longest
roots (cm)

Shoot
Height
(cm)

Root
Quality
Ratingz

Net Photosynthesis
(A)
(µmol·m-2·s-1)

Stomatal
Conductance
(gsw) (mol·m-2·s-1)

Significance of treatment factors
Surfactanty
Auxin Rate

x

Surfactant × Auxin
Rate

NS

<0.0001

0.005

NS

0.001

0.022

NS

NS

<0.0001

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

Least squares means for main effects
Surfactant
0 ppm Regulaid

Auxin Rate
®

0.85 ppm Regulaid

33%

0.4 b

0.6 b

0.3 a

1.6 b

2.3 a

0.02 a

50%

1.4 a

2.6 a

0.2 a

2.2 a

1.4 b

0.02 a

0 ppm foliar IBA

33%

0.7 BC

1.1 A

0.3 A

1.9 A

2.0 A

0.02 A

500 ppm foliar IBA

26%

0.8 B

0.4 A

0.4 A

2.0 A

1.7 A

0.02 A

1000 ppm foliar IBA

23%

0.5 C

2.2 A

0.2 A

1.6 A

1.7 A

0.03 A

1500 ppm foliar IBA

23%

0.8 BC

1.9 A

0.4 A

1.8 A

1.9 A

0.02 A

®

4,000 basal quick-dip
40%
1.6 A
2.5 A
2.4 A
1.8 A
0.01 A
®
®
y
Root Quality (1-5, with 1 = callused; no roots and 5 = ≥ 10 roots); Surfactant: 0 ppm Regulaid or 0.85 ppm Regulaid (KALO Inc., Overland Park, KS);
x
Auxin rate: 0, 500, 1,000, or 1,500 ppm as a foliar application or 4,000 ppm applied as a basal quick-dip; wWhen the interaction term (Surfactant×Auxin
Rate) in the model is not significant (p > 0.10), main effects means for levels within each treatment factor followed by the same lower-case (surfactant) or
upper-case letter (auxin rate) are not significantly different using the Holm-Simulated method for multiple comparisons (α = 0.05). NS = not significant
z
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Table 4.3

Influence of surfactant and auxin rate on roots and shoots of ‘Southern Charm’ southern magnolia (Magnolia
grandiflora 'Southern Charm').

Rooting
(%)
Surfactanty
Auxin Ratex
Surfactant × Auxin
Rate
Surfactant
0 ppm Regulaid®
0.85 ppm Regulaid®

NS
NS
NS

Avg. Length of
Shoot
Roots
three longest
Height
(no.)
roots (cm)
(cm)
Significance of treatment factors
NS
NS
0.0134
<0.0001
NS
0.0018
NS
NS
NS
Least squares means for main effects

Root
Quality
Ratingz

Net Photosynthesis
(A)
(µmol·m-2·s-1)

Stomatal
Conductance
(gsw)
(mol·m-2·s-1)

0.0844
<0.0001

NS
NS

NS
NS

NS

NS

NS

2.2 b
2.5 a

6.3 a
6.3 a

0.1 a
0.1 a

Auxin Rate
33%
73%

0.9 aw
1.2 a

7.9 a
7.2 a

0.6 b
1.3 a

0 ppm foliar IBA
33%
0.6 B
6.4 A
0.3 B
1.8 B
5.0 A
0.1 A
500 ppm foliar IBA
33%
0.3 B
7.8 A
0.5 B
1.7 B
5.9 A
0.1 A
1000 ppm foliar IBA
60%
0.9 B
9.1 A
0.5 B
2.1 B
5.9 A
0.1 A
1500 ppm foliar IBA
53%
1.6 A
8.4 A
1.2 AB
2.8 A
7.1 A
0.1 A
2,500 basal quickdip
60%
1.8 A
5.9 A
2.4 A
3.3 A
7.5 A
0.1 A
®
®
z
y
Root Quality (1-5, with 1 = callused without roots and 5 = ≥ 10 roots); Surfactant: 0 ppm Regulaid or 0.85 ppm Regulaid (KALO Inc., Overland Park,
KS); xAuxin rate: 0, 500, 1,000, or 1,500 ppm as a foliar application or 2,500 ppm applied as a basal quick-dip; wWhen the interaction term (Surfactant×Auxin
Rate) in the model is not significant (p > 0.10), main effects means for levels within each treatment factor followed by the same lower-case or upper-case letter
are not significantly different using the Holm-Simulated method for multiple comparisons (α = 0.05). NS = not significant
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Figure 4.1

Reference samples of semi-hardwood cuttings used for this study: (top-left)
average rose cutting; (top-center) average camellia cutting; (top-right) example of
wounding on Camellia japonica); (bottom-left) average magnolia cutting; (bottomright) example of wounding on ‘Southern Charm’ southern magnolia.
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Figure 4.2

Foliar auxin treatment being applied to a tray of Magnolia grandiflora ‘Southern
Charm’.
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CHAPTER V
EVALUATION OF TWEEN® 20 (POLYSORBATE 20) FOR USE IN ONE-TIME
APPLICATIONS CO-APPLIED WITH FOLIAR APPLIED AUXIN WITH A
SURFACTANT FOR USE IN COMMERCIAL
CUTTING PROPAGATION
Abstract
Use of foliar auxin applications is increasing in the nursery and greenhouse industry.
However, previous research has shown that insufficient auxin is being absorbed or translocated
to the site of action when foliar auxin applications are used. It is theorized that addition of
surfactants to foliar applications of auxin may help with the absorption and translocation of auxin
to the site of action. Research was conducted to determine whether addition of surfactants to onetime foliar applications of indole-3-butyric acid (IBA) would be as effective as the current
industry standard, the basal quick-dip. Terminal, semi-hardwood cuttings of Red Cascade™ rose
(Rosa ‘MOORcap’), common camellia (Camellia japonica) and ‘Little Gem’ magnolia
(Magnolia grandiflora ‘Little Gem’) were sprayed to the drip point using Hortus IBA Water
Soluble Salts™ at concentrations of 0 ppm, 50 ppm, 75 ppm, or 100 ppm for rose cuttings or 0
ppm, 500 ppm, 1,000 ppm, or 1,500 ppm IBA for camellia and magnolia. To serve as an industry
control, the basal end of cuttings was immersed for 3-sec in a solution of either 250 ppm, 4,000
ppm or 2,500 ppm IBA for rose, camellia, and magnolia, respectively. For Red Cascade™
miniature rose, cuttings not receiving a foliar application of IBA had greater shoot lengths than
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cuttings treated with a 250 ppm IBA basal quick-dip. For camellia, cuttings treated with a 1,500
ppm foliar application without Tween® 20 had greater root numbers than cuttings treated with
500 ppm IBA plus 100 ppm Tween® 20, 1,500 ppm IBA plus 100 ppm Tween® 20, the 4,000
ppm basal quick-dip, or 0 ppm, 500 ppm, or 1,000 ppm foliar IBA application without Tween®
20. Cuttings treated with 1,500 ppm foliar IBA application without Tween® 20 resulted in a
greater root quality rating than cuttings treated with 0 ppm foliar IBA application without
Tween® 20. Cuttings treated with a 1,000 ppm foliar application of IBA plus Tween® 20 resulted
in greater stomatal conductance values than cuttings treated with a 500 ppm foliar application of
IBA without Tween® 20. Cuttings treated with a 1,500 ppm foliar application of IBA resulted in
longer roots than cuttings treated with 0 ppm or 500 ppm foliar applications of IBA. Cuttings
treated with 100 ppm Tween® 20 had higher net photosynthesis values than cuttings not treated
with Tween® 20. Use of surfactant nor auxin rate was significant for ‘Little Gem’ magnolia.
Introduction
Research into foliar application methods over the past decade indicated that one-time
applications are standard (Blythe et al., 2007; Kroin, 2014). When applied to herbaceous cuttings
after insertion into the media, much lower concentrations (50 to 100 ppm) of rooting hormones
are required compared to other conventional application methods when used on floriculture crops
(Dole and Gibson, 2006). Overhead applications of water-soluble IBA are increasing in the
nursery industry. Bailey Nurseries Inc. in Minnesota and Oregon has been conducting repetitive
on-farm trialing for the last decade. Their results indicated that many of the taxa commonly
propagated respond similarly to foliar-applied auxin compared to a traditional basal quick-dip.
At Bailey Nurseries, propagation trays and beds are treated with a single application of watersoluble IBA ranging from 250 to 2,000 ppm (Drahn, 2007). Decker’s Nursery in Ohio uses a
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battery-powered backpack sprayer to treat their cuttings since it atomized the auxin solution
similarly to the mist from the cutting irrigation system and applied a very small droplet with
excellent coverage over both the top and bottom of the cutting (Decker and Graff, 2016). Since
propagation areas vary in size, overhead applications are applied via a backpack sprayer for
small houses and reel-and-hose sprayers for larger production areas. Both reel-and-house
sprayers and backpack sprayers fall under the classification of “hydraulic sprayers” (Bartok,
2022). Hydraulic sprayers produce a spray with most droplets in the 200 to 400-micron range,
about 2x the width of a human hair (Bartok, 2022). When being applied overhead, Kroin (2014)
recommends to “spray the solution evenly over the cuttings until drops fall onto the media”. To
do this, Bailey Nurseries aims to deliver 1 L per 60 ft2 (roughly 114-136 L per 557 m2).
Currently, both Decker’s Nursery and Bailey Nurseries generally treat their cuttings within 24 h
of being stuck, either at the end of each day or first thing the following morning, but application
occurring during the day in conjunction with frequent mist intervals has not reduced efficacy
(Drahn, 2007; Decker and Graff, 2016). Cuttings are treated in the early morning or late
afternoon due to both lower light levels and reduced misting requirements.
For both nurseries, the switch to foliar applications reduced handling and time cuttings
spend in cold storage and the preparation room, where problems associated with lengthened
exposure to low temperatures, low humidity, and/or handling can occur (Drahn, 2007). In 2003,
99.6% of cuttings at Bailey Nurseries were quick-dipped and 0.4% were treated with foliar
applications. By 2007, the percentages had reversed, with 95% of all propagated material being
treated with overhead applications and 5.2% of material being hand-dipped (Drahn, 2007).
Currently, overhead applications of water-soluble IBA are used to treat the following genera at
Bailey Nurseries Minnesota operation: Acer, Berberis, Cornus, Diervilla, Euonymus, Forsythia,
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Hydrangea, Juniperus, Lonicera, Philadelphus, Physocarpus, Rhus, Rosa, Spiraea,
Symphoricarpos, Syringa, Thuja, Viburnum, and Weigela (Drahn, 2007).
Nursery owners have made the switch to foliar auxin applications due to a desire to
reduce employee exposure to chemicals, develop a more streamlined and sanitary approach to
propagation, and reduce the cost of labor associated with rooting hormone applications (Drahn,
2007). Another benefit of switching to overhead applications from basal quick-dips are similar
rooting times and subsequent shoot and root development compared to using a basal quick-dip.
However, several taxa (Amelanchier, Aronia, Rosa, and Symphoricarpos) have exhibited growth
differences between treatment methods (Drahn, 2007). For several genera of landscape
significance, foliar auxin applications resulted in delays of vegetative growth and flowering by
one to two weeks compared to basal quick-dip; however, over several months the differences
between vegetative growth and flowering were not discernible between foliar applications and
basal quick-dip (Drahn, 2007). In addition, multiple trials of several taxa of Prunus and
Rhododendron receiving overhead auxin did not root as well as cuttings receiving a basal quickdip, and rooting was slower for cuttings treated with overhead applications compared to basal
quick-dips. Although the label for water-soluble salts identifies a zero-re-entry interval and
permits application to be made while workers are present in the house, waiting to treat the
cuttings until workers have finished planting is a precautionary step (Drahn, 2007; Decker and
Graff, 2016). Applications are supervised by a trained and licensed applicator, which further
reduced the number of employees exposed to chemical. Both Decker’s Nursery and Bailey
Nurseries have seen a more streamlined propagation process after making the switch by reducing
the number of employees responsible for treating cuttings, which historically was 8 to 10 people.
Limiting the number of employees that treat cutting material also ensures consistency and
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accuracy (Drahn, 2007). Decker’s Nursery has seen an estimated 20% increase in daily
production by removing the extra step of dipping handfuls of cuttings (Decker and Graff, 2016).
By switching application methods, Bailey Nurseries and Decker’s Nursery have been able to
trade relatively high labor costs and low chemical costs for the inverse. For Decker’s Nursery,
the increased hormone cost has been offset by no longer having to purchase several hundred
dollars’ worth of latex gloves for the propagation staff on a yearly basis (Decker and Graff,
2016). For Bailey’s Nursery, hand-dipping 90,000 cuttings would normally require eight people
working thirty labor hours. Utilizing foliar auxin applications takes an applicator roughly one
hour to prepare, apply, and clean the spray equipment when finished (Drahn, 2007). The
chemical cost to treat those 90,000 cuttings at 750 ppm was $16 using the traditional basal quickdip and $74 using foliar auxin applications (Drahn, 2007). Decker’s Nursery has further reported
that it takes one applicator no more than five minutes to treat a greenhouse that is 30 ft×98 ft
(2,940 ft2) in area (Decker and Graff, 2016).
Previous work conducted by Blythe et al. (2003b; 2004) looked at common ornamental
plants (Aglaonema modestum, Ficus benjamina, Gardenia augusta ‘Radicans’, Hedera helix
‘Ivalace’, Abelia ×grandiflora, Hydrangea paniculata, and Lagerstroemia × ‘Natchez’) to
determine if they would benefit from an overhead application of IBA + NAA (2003) or K-IBA
(2004) when compared to traditional basal quick-dip. Results indicated that Gardenia augusta
‘Radicans’ benefited from an overhead application of auxin at a concentration of 25 ppm IBA +
14 ppm NAA or greater or a basal quick-dip compared to untreated cuttings (Blythe et al.,
2003b; Blythe et al., 2004). Insufficient auxin was absorbed and translocated to the site of root
initiation compared to the amount of auxin received from a basal quick-dip. It was concluded
that further work with auxin formulations, surfactants, and application methods is warranted to
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determine whether overhead application of auxin has commercial value (Blythe et al., 2003b;
Blythe et al., 2004).
Surfactants are common in agricultural production as penetration of the leaf cuticle is
required for efficacy of foliar-applied compounds (Robertson and Kirkwood, 1969). The
effectiveness of foliar-applied compounds depends on their ability to penetrate through the
cuticle and translocate to the site of action (White et al., 2002). Surfactants enhance penetration
of these chemicals by increasing the wetting capacity up to the critical micelle concentration
(CMC), defined as the concentration above which any added surfactant molecules appear with
high probability as micellar aggregates (Lownds et al., 1987; Ruckenstein and Nagarajan, 1975).
Lownds (1987) conducted research to determine the effects surfactants would have on foliar
penetration of NAA and NAA-induced ethylene production by cowpea [Vigna unguiculata (L.)
Walp. subsp. unguiculata cv. Dixielee]. This research indicated that foliar penetration of NAA
was increased when co-applied with a surfactant (Pace, Regulaid®, or Tween® 20) and all three
induced similar qualitative changes in surface tension, contact angle, and droplet: leaf ratio. All
three surfactants increased the droplet: leaf ratio. However, Regulaid® was the only surfactant
tested that showed a correlation between NAA penetration and interface area.
Temperature and humidity are the two most important factors affecting herbicide efficacy
for foliar-applied chemicals, and are also important in cutting propagation. Optimal uptake of
foliar-applied chemicals occurs in warm, humid conditions (Ramsey et al., 2005).
Physiologically, warm temperatures change the viscosity of the cuticle wax, thus increasing the
diffusion of solutes through the cuticle (Ramsey et al., 2005). While diffusion across the cuticle
is increased at higher temperatures, increases in the efficacy of the chemical are not always
observed (Ramsey et al., 2005; Devine et al., 1993). It has been hypothesized that this is due to
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reduced chemical availability caused by the rapid drying of droplets in warm conditions (Ramsey
et al., 2005). Humidity effects on cuticle composition are not physical effects like those from
temperature but are related to the rate of droplet drying and cuticle hydration (Ramsey et al.,
2005). Sibley et al. (2018) hypothesized that surfactants added to irrigation water would decrease
leaf menisci surface tension while increasing matric and total water potential. These changes
would lead to a decrease in transpiration. Plants watered with solutions containing surfactants
would have lower water stress than those watered with solutions not containing surfactants
(Sibley et al., 2018). Adding a surfactant at any level (0, 25, 50, 75, 100, or 125 mg·L-1) to
irrigation water of New Guinea impatiens ‘Celebrate Salmon’ led to an increase in height, width,
growth index, fresh and dry weights compared to those irrigated with solutions not containing
surfactants. In addition, Tween® added to irrigation water at a rate of 100 mg·L-1 (100 ppm),
which is approximately the critical micelle concentration (CMC) of Tween® 20, reduced leaf
transpiration. When surfactants reach their CMC, surface tensions of solutions are at their lowest
level (Green and Bukovac, 1974). These results were consistent with Kubik and Michalczuk
(1993) in their experiments looking at effects of surfactants on transpiration of strawberry leaves.
Strawberry leaves treated with Tween® 20 showed a slight decrease in transpiration lasting 60
minutes before increasing back to normal level. In addition, K+ applied to leaves with a
surfactant showed a considerable increase in transpiration. This increase is due to the role
potassium plays in the regulation of stomatal opening and closing. Sibley et al. (2018) concluded
that addition of surfactants to irrigation water for transplanted plugs decreased the transpiration
rate and stomatal conductance, but this has not been observed or reported in a cutting
propagation environment.
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When choosing a surfactant for plant production, several factors should be considered:
(1) it should be non-toxic to both the plant and the environment; (2) it should be a small
molecule that is water-soluble; (3) it should be non-ionic; (4) and it should be relatively effective
at decreasing surface concentration at a relatively low concentration (Colwell and Rixon, 1961).
While anionic and cationic surfactants are labeled and frequently used in plant production
(Dobozy and Bartha, 1976), using non-ionic surfactants are preferable since they do not affect
water hardness, nutrient balance, or enzymatic activity and are compatible with most herbicides
due to lack of activity with the herbicide (Bayer and Foy, 1982).
Polyoxyethylenesorbitan monolaurate (C58H114O26), known commercially as Tween® 20,
is one of the most frequently used safe, non-ionic surfactants used in various industries and
processes including food, fragrances, and pharmaceuticals. It is so widely used in these industries
thanks in part to it conforming to the factors mentioned previously (Sibley et al., 2018)
The objective of this research was to evaluate whether addition of Tween® 20 to foliar
auxin solutions increased plant physiological responses compared to the industry-standard basal
quick-dip for semi-hardwood cuttings of Red Cascade™ miniature rose (Rosa ‘MOORcap’),
common camellia (Camellia japonica) and Little Gem southern magnolia (Magnolia grandiflora
‘Little Gem’).
Materials and Methods
The research was conducted at the Mississippi State University South Mississippi Branch
Experiment Station located in Poplarville, Mississippi, USA (latitude 30° 50’ 38.328” N,
longitude 89° 32’ 13.704” W).
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Plant Material
Red Cascade™ miniature climbing rose (Rosa ‘MOORcap’), common camellia (Camellia
japonica), and ‘Little Gem’ southern magnolia (Magnolia grandiflora ‘Little Gem’) were
selected due to their popularity as landscape plants and their availability in the nursery industry
(Fig. 5.1).
Treatments
For this experiment, the effect of four foliar auxin concentrations [0, 50, 75, and 100 ppm
(rose) or 0, 500, 1,000, and 1,500 ppm IBA (camellia and magnolia) indole-3-butyric acid (IBA)
(Hortus IBA Water Soluble Salts™; Phytotronics Inc., Earth City, MO)] each at two Tween® 20
concentrations [0 and 100 ppm (Sigma-Aldrich Inc., St. Louis, MO)] on rooting of a Red
Cascade™ miniature climbing rose, common camellia, and ‘Little Gem’ southern magnolia.
Additionally, a basal quick-dip of either 250 ppm IBA (rose), 4,000 ppm IBA (camellia), or
2,500 ppm (magnolia) IBA was used as a representative of current industry practices.
Propagation medium for this study was a 100% pine bark delivered as a 50% aged and 50% fresh
passed through a 3/8” (0.95 cm) screen.
Data Collection
At study termination, data collected included percentage of cuttings rooted, number of
roots per cutting, average length of the three longest roots, shoot length, and root quality. Root
quality was assessed on a rating scale from 1 to 5 with 1 being a callused cutting without roots
and a 5 representing a cutting with 10 or more roots. Additionally, at study termination, net
photosynthetic rate (A) and stomatal conductance (gsw) values were taken at study termination
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between 0730 and 1130 HR using a LiCOR 6800 Portable Photosynthesis System (LI-COR
Biosciences; Lincoln, NE).
Rose
Two-inch (5.1-cm), two-node medial cuttings of Rosa ‘MOORcap’ were harvested from
greenhouse maintained stock plants and stuck to a depth of 0.5 in (1.3 cm) on 9 November 2020
in 3.5 inch (8.3 cm) square production pots (T.O. Plastics, Inc., Clearwater, MN). Cuttings
receiving foliar applications of auxin were sprayed once to runoff with a 1-gal (3.8-L) battery
operated sprayer (One World Technologies, Inc., Anderson, SC). After treatment, cuttings were
placed under intermittent mist applied for 6 sec/10 min during daylight hours and adjusted as
needed for duration of the study. After 42 days, the study was terminated, and the data were
collected as previously mentioned.
Camellia
Five-inch (12.7-cm), five-node terminal cuttings of Camellia japonica were
harvested from established landscape plants and stuck to a depth of 0.5 inch (1.3-cm) on 16
November 2020 into 3.5 inch (8.3 cm) square production pots (T.O. Plastics, Inc., Clearwater,
MN). During cutting preparation, a one-inch (2.5-cm) wound was applied to one side of the basal
end of cutting. Cuttings receiving foliar applications of auxin were sprayed once to runoff with a
1-gal (3.8-L) battery operated sprayer (One World Technologies, Inc., Anderson, SC). After
treatment, cuttings were placed under intermittent mist applied for 6 sec/10 min during daylight
hours and adjusted as needed for the studies duration. After 60 days, the study was terminated,
and data were collected as previously mentioned.
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‘Little Gem’ Magnolia
Five-inch (12.7-cm), five-node terminal cuttings of Magnolia grandiflora ‘Little
Gem’ were harvested from established landscape plants and stuck to a depth of 0.5-inch (1.3-cm)
on 17 November 2020 into 4.5-inch (11.5-cm). square production pots (T.O. Plastics, Inc.,
Clearwater, MN). During cutting preparation, one-inch (2.54-cm.) wounds were made on
opposite sides of the basal end of the cutting. Cuttings receiving foliar applications of auxin were
sprayed once to runoff with a 1-gal (3.8-L) battery operated sprayer (One World Technologies,
Inc., Anderson, SC. After treatment, cuttings were placed under intermittent mist applied for 4
sec/4 min during daylight hours and adjusted as needed for the studies duration. After 125 days,
the study was terminated, and data were collected as mentioned above.
Statistical Analysis
A complete factorial (5 auxin rates × 2 surfactant concentrations) set of treatments
within a completely randomized design was used with 15 cuttings per treatment. Data were
analyzed using linear models and generalized linear models with the GLIMMIX procedure of
SAS version 9.4 (SAS institute, Cary, NC). Mean separation was performed using the HolmSimulated Method for multiple comparisons to maintain an overall significance level of α = 0.05.
Results
Rose
Rooting percentage of rose was 100% for all tested treatments, and neither surfactant
nor auxin rate impacted rooting percentage (Table 5.1). Neither surfactant nor auxin rate had an
effect on number of roots, average length of the three longest roots, root quality, net
photosynthesis, or stomatal conductance (Table 5.1). Auxin rate influenced shoot height (Table
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5.1). Cuttings that were treated with 0 ppm foliar IBA application resulted in longer shoot
lengths compared with cuttings treated with a basal quick-dip of 250 ppm IBA (Table 5.1).
Camellia
Rooting percentage of camellia ranged from 53% to 87%, but neither surfactant nor
auxin rate impacted rooting percentage (Table 5.2). Additionally, neither use of surfactant nor
auxin rate had an effect on shoot height (Table 5.2). There was an interaction between the main
effects of auxin rate and surfactant concentration for root number, root quality rating, and net
photosynthesis values (Table 5.2). Cuttings treated with 1,500 ppm foliar application without
Tween® 20 had greater root numbers than cuttings treated with 500 ppm foliar IBA application
plus 100 ppm Tween® 20, 1,500 ppm IBA application plus 100 ppm Tween® 20, the 4,000 ppm
basal quick-dip, or 0 ppm, 500 ppm, or 1,000 ppm foliar IBA application without Tween® 20.
Cuttings treated with 1,500 ppm foliar IBA application without Tween® 20 resulted in a greater
root quality rating than cuttings treated with a 0 ppm foliar IBA application without Tween® 20.
Cuttings treated with a 1,000 ppm foliar application of IBA plus Tween® 20 resulted in greater
stomatal conductance values than cuttings treated with a 500 ppm foliar application of IBA
without Tween® 20. Auxin rate significantly impacted average length of the three longest roots
(Table 5.2). Treating cuttings with a 1,500 ppm foliar application of IBA resulted in longer roots
than cuttings treated with either a 0 or 500 ppm as a foliar IBA application. Surfactant
concentration significantly impacted net photosynthesis values (A) (Table 5.2). Cuttings treated
with a 100 ppm Tween® 20 application had higher net photosynthesis values than cuttings
receiving a 0 ppm foliar application of Tween® 20.
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‘Little Gem’ Magnolia
Rooting percentage of ‘Little Gem’ magnolia ranged from 0% to 45% but use of
surfactant nor auxin rate impacted rooting percentage (Table 5.3). Use of surfactant or auxin rate
had no effect on root number, average length of the three longest roots, root quality rating, net
photosynthesis values (A), or stomatal conductance (gsw) (Table 5.3).
Discussion
In the nursery industry, root-promoting compounds are applied to stem cuttings to
stimulate adventitious rooting in a wide range of species and cultivars (Crawford et al.,2016).
Through this application, producers are aiming quickly initiate adventitious rooting, as well as
root numbers, uniformity, and quality (Blythe et al., 2007; Crawford et al., 2016). Since the first
research into use of auxins for use in propagation practices (Blythe et al., 2007; Crawford et al.,
2016; Hitchcock and Zimmerman, 1939), the basal quick-dip has been the preferred method for
plant propagators due to its speed, simplicity, and uniformity of application and the greater
economy for treating large number of cuttings (Blazich, 1988; Hartmann et al., 2011;
Macdonald, 1987; Wood, 1981). Researchers have also examined other auxin application
methods to determine application efficiency (Blythe et al., 2007; Chadwick and Kiplinger, 1938).
Chadwick and Kiplinger (1938) reported that treatment of IAA at a concentration of 100 ppm or
three times with a foliar application of 20 ppm was not as effective as a basal quick-dip.
Furthermore, spraying stem cuttings of strawberry tree (Arbutus unedo) with 300 ppm IAA
spread over 48 hrs. resulted in plant injury, and no successful rooting. Foliar applications of
auxin at 300 ppm were recommended for bean (Phaseolus spp.), marigold (Tagetes spp.), coleus
(Solenostemon spp.), marguerite (Argyranthemum frutescens), and carnation (Dianthus
caryophyllus) (Hildreth and Mitchell, 1939). Sprays with IBA resulted in a greater number of
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roots on cuttings compared to non-treated cuttings. While the spray technique was noted as being
easier to apply, being less likely to injure cuttings, and giving the ability to repeat applications
without disturbing cuttings, it was less economical compared to some basal quick-dip treatments
(Hildreth and Mitchell, 1939). Due to the reported economic disadvantage of foliar applications,
the basal quick-dip has been the predominant method of applying root-promoting compounds
since its inception in the late 1930s. Thanks in part to increasing labor demands, research into
alternative methods (i.e. foliar auxin applications) have increased in earnest in the last 15 years
(Blythe et al., 2007; Blythe et al., 2003b). Since the renewed interest, there have been several
reports on species dependent response to foliar applied auxin (Blythe et al., 2007; Blythe et al,.
2004; Blythe et al., 2003b).
One of the primary concerns with foliar auxin applications for use in commercial
cutting production is insignificant auxin being translocated to the site of action (i.e., basal end of
stem cutting) for use in stimulating adventitious root formation compared to using a basal quickdip (Blythe et al., 2007; Blythe et al., 2004; Blythe et al., 2003b). Results from research
conducted by Chadwick and Kiplinger (1938) identified that both IBA and NAA were superior
in stimulating adventitious rooting compared to IAA, thanks in part to the stabilities of the
former to both heat and light degradation. It was not until the 1950s that IBA was found to be
present in planta and no longer labeled as ‘synthetic auxin’ (Blommaert, 1954). IBA has since
been found to be present in numerous plant tissues and makes up a variable percentage of the
endogenous auxin concentration (Fattorini et al., 2017; Kaur, 2017). Recent research has shown
that IBA levels in planta remain low until adventitious rooting occurs, which stimulates an
increase. For example, when exogenous IBA was applied to Arabidopsis thaliana at 10 ppm,
endogenous IBA levels tripled while endogenous IAA levels doubled (Veloccia et al., 2016).
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This result has shown that exogenously applied IBA must be converted to IAA prior to use in
adventitious root formation (Ludwig-Muller et al., 2005; Pacurar et al., 2014; Rout, 2006).
Previous work on the movement of auxin within plant tissues has shown that endogenous auxin
is produced in plant tissues before conjugation and moved to storage (Blythe et al., 2007; Kaur,
2017). When applied to the basal end of stem cuttings, exogenous IBA must move through the
tissue to the conversion site be-fore becoming available for use; whereas auxin applied directly
to the leaves should be converted to the usable form in a quicker manner. However, research into
the movement of IBA applied basally and applied directly to the foliage warrants further
investigation to verify this claim (Blythe et al., 2007; Salmi and Hesami, 2016; McComb and
Wroth, 2006; Kentelky et al., 2021; Kaur, 2017).
For rose, the use of auxin did not impact root counts, root quality, or root length;
however, shoot growth was impacted by the use of auxin. Our results vary from those reported
by Blythe et al. (2003a). Previous work reported that rooting response of Red Cascade™ rose
increased with increasing auxin concentration. Our results indicated that the rooting responses
tested in our experiment were not impacted by increasing auxin rate. Cuttings receiving a 0 ppm
IBA as a foliar application rooted similarly to cuttings receiving a 250 ppm basal quick-dip.
However, cuttings receiving a 250 ppm basal quick-dip showed suppressed shoot growth
compared to cuttings receiving a 0 ppm IBA. The inhibited shoot growth reported by use of a
basal quick-dip was observed for numerous plants produced by Bailey’s Nurseries (Drahn,
2016). For a nursery or greenhouse operation, an impact to subsequent shoot growth during the
rooting process can lead to production delays further down the process, potentially leading to
delay in selling the crop. In addition, if use of IBA is not necessary for a crop, growers can save
money in both labor and chemical costs by not having to treat the cutting prior to placement in
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the greenhouse. Previous work using Red Cascade™ used terminal, single-node cuttings as their
propagule whereas in the study reported here, medial, multi-node cuttings were used. Use of
multi-node cuttings for propagation of Rosa spp. is recommended in the literature (Dirr and
Heuser, 2006). Our results with Red Cascade™ miniature climbing rose differed from Kroin
(1992). In his trials, foliar auxin applications between 50 to 100 ppm IBA produced high quality
roots, which was not observed in our study.
Our results with Camellia japonica suggest that a foliar application of 1,500 ppm
IBA led to better rooting compared to a 4,000 ppm basal quick-dip or foliar applications of lower
IBA concentrations for common camellia. One-time foliar applications appeared to be sufficient
to improved root numbers compared to the commercial standard basal quick-dip. Results from
the study reported above differ from several sources for the propagation responses for camellia
(Dirr and Heuser, 2006; Dirr, 2009). Previous research by Dirr and Heuser (2006) on
propagation of camellia indicated that auxin rates between 3,000 ppm and 5,000 ppm IBA were
necessary to stimulate adventitious rooting of stem cuttings. Our results suggest that sufficient
auxin was absorbed from foliar auxin applications and translocated to the site of root initiation to
result in rooting response comparable to a basal quick-dip for common camellia. Results
presented above differ from previous research on foliar auxin applications of IBA for
propagation of camellia (Bowden et al., 2021). In their study, cuttings treated with a 4,000 ppm
IBA basal quick-dip resulted in greater root counts than cuttings treated with a 1,500 ppm foliar
auxin application. The time of year the cuttings were taken varied by only a month (Bowden et
al., 2021). Our results concur with Dirr and Heuser (2006) that the fall and winter months are the
optimal propagation period. Our results agree with other studies that propagation period is a
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critical for the rooting process and could be a species-dependent factor, similar to effectiveness
of foliar auxin applications, as observed in the study reported above (Kentelky et al., 2021).
The best rooting response for Magnolia grandiflora ‘Little Gem’ were
undeterminable due to cutting death. Our results suggest that a foliar spray of 1,500 ppm resulted
in a similar rooting percentage as the 2,500 ppm basal quick-dip, but this was not confirmed
statistically as there was no significant difference detected for any of our tested rooting or growth
responses.
Results from this trial and similar trials into foliar applications of auxin suggests that
benefits of foliar applications are species-dependent (Blythe et al., 2004). Using current methods,
propagators touch a cutting multiple times before the flat even enters the propagation house,
which results in higher labor costs for the producer. For crops where foliar auxin applications
yield equal or better results compared to traditional quick-dips, propagators only need to handle
the cutting once, then a licensed applicator can treat cuttings using a backpack sprayer. In this
manner, growers can increase profits by reducing labor costs. One grower reported a savings of
$0.038/ft2 (Drahn, 2007). In an industry where labor represents a high cost, switching to foliar
applications for camellia might reduce labor costs and increase profits.

108

Results of Tween® 20 co-applied with foliar-applied root-promoting compounds on rooting percentage, root number,
average root length, root quality, shoot growth, photosynthetic rate, and stomatal conductance of medial stem cuttings
of a miniature climbing rose (Rosa 'MOORcap').

Table 5.1

Rooting
(%)

Roots
(no.)

Avg. Length of
three longest
roots (cm)

Shoot
Height
(cm)

Root
Quality
Ratingz

Net Photosynthesis
(A) (µmol·m-2·s-1)

Stomatal Conductance
(gsw) (mol·m-2·s-1)

Significance of treatment factors
Surfactanty
x

Auxin Rate
Surfactant×Auxin
Rate

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

0.0464

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

Least squares means for main effects
Surfactant

Auxin Rate

0 ppm Tween® 20
100 ppm Tween® 20

100%
100%

1.6 a
1.7 a

11.4 a
11.4 a

1.6 a
1.3 a

3.1 a
3.0 a

2.6 a
3.4 a

0.06 a
0.07 a

0 ppm foliar IBA

100%

1.6 A

12.8 A

2.3 A

3.1 A

2.3 A

0.05 A

50 ppm foliar IBA
75 ppm foliar IBA

100%
100%

1.7 A
1.7 A

11.6 A
10.6 A

1.6 AB
1.2 AB

3.1 A
3.2 A

2.8 A
3.5 A

0.06 A
0.08 A

100 ppm foliar IBA

100%

1.5 A

11.3 A

1.4 AB

2.8 A

2.3 A

0.06 A

250 basal quick-dip

100%

1.8 A

10.9 A

0.5 B

3.1 A

4.1 A

0.06 A
Root Quality (1-5, with 1 = callused cutting without roots and 5 = ≥ 10 roots); ySurfactant: 0 ppm Tween® 20 or 100 ppm Tween® 20 (Sigma-Aldrich Inc., St.
Louis, MO); xAuxin rate: 0, 50, 75, or 100 ppm as a foliar application or 250 ppm applied as a basal quick-dip; wWhen the interaction term (Surfactant×Auxin
Rate) in the model is not significant (p > 0.10), main effects means for levels within each treatment factor followed by the same lower-case (surfactant
concentration) or upper-case letter (auxin rate) are not significantly different using the Holm-Simulated method for multiple comparisons (α = 0.05). NS = not
significant
z
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Table 5.2

Results of Tween® 20 co-applied with foliar-applied root-promoting compounds on rooting percentage, root number,
average root length, root quality, and growth of terminal stem cuttings of a common camellia (Camellia japonica).
Root
Quality
Ratingz

Net Photosynthesis
(A) (µmol·m-2·s-1)

Stomatal
Conductance (gsw)
(mol·m-2·s-1)

0.036
NS

0.047
NS

NS
0.0666

0.0332

NS

0.0778

2.5 b
3.0 a

2.6 b
3.7 a

0.03 a
0.04 a

0 ppm foliar IBA
60%
1.4 B
4.7 B
0.5 A
2.6 A
500 ppm foliar IBA
47%
1.3 B
4.4 B
0.5 A
2.5 A
1000 ppm foliar IBA
67%
1.7 AB
6.7 AB
0.4 A
3.0 A
1500 ppm foliar IBA
87%
1.9 A
7.0 A
0.4 A
3.2 A
4,000 basal quick-dip
53%
1.3 B
4.9 AB
0.8 A
2.6 A
Treatment least squares means grouped by surfactant concentration
Auxin Rate
0 ppm foliar IBA
60%
0.8 d
4.3
0.35
2.0 b
500 ppm foliar IBA
47%
1.0 cd
3.3
0.11
2.1 ab
1000 ppm foliar IBA
67%
1.5 cd
5.9
0.51
2.6 ab
1500 ppm foliar IBA
87%
2.1 a
6.8
0.71
3.3 a
4,000 basal quick-dip
53%
1.1 cd
4.3
0.76
2.3 ab

2.7 A
2.4 A
3.4 A
3.7 A
3.7 A

0.03 AB
0.02 B
0.07 A
0.05 AB
0.03 AB

2.1
1.2
2.2
3.9
3.2

0.03 ab
0.01 b
0.04 ab
0.06 ab
0.03 ab

Rooting
(%)
Surfactanty
Auxin Ratex

NS
NS

Surfactant×Auxin Rate

NS

Surfactant
0 ppm Tween® 20
100 ppm Tween® 20

Surfactant
0 ppm Tween® 20

Avg. Length of
Shoot
Roots
three longest
Height
(no.)
roots (cm)
(cm)
Significance of treatment factors
<0.0001
NS
NS
0.0005
0.0073
NS
<0.0001
NS
NS
Least squares means for main effects

Auxin Rate
60%
87%

1.4 b
1.6 a

5.0 a
6.1 a

0.5 a
0.5 a

0 ppm foliar IBA
87%
1.7 ab
5.2
0.55
3.1 ab
3.3
0.03 ab
500 ppm foliar IBA
60%
1.6 bc
5.5
0.88
2.8 ab
3.4
0.02 ab
100 ppm Tween® 20
1000 ppm foliar IBA
93%
1.8 ab
7.4
0.31
3.4 ab
4.4
0.09 a
1500 ppm foliar IBA
73%
1.5 bc
7.1
2.8 ab
2.8
0.03 ab
z
Root Quality (1-5, with 1 = callused; no roots and 5 = ≥ 10 roots); ySurfactant: 0 ppm Tween® 20 or 100 ppm Tween® 20 (Sigma-Aldrich Inc., St. Louis, MO); xAuxin
rate: 0, 500, 1,000, or 1,500 ppm as a foliar application or 4,000 ppm applied as a basal quick-dip; wWhen the interaction term (Surfactant×Auxin Rate) in the model is
not significant (p > 0.10), main effects means for levels within each treatment factor followed by the same lower-case (surfactant concentration) or upper-case letter
(auxin rate) are not significantly different using the Holm-Simulated method for multiple comparisons (α = 0.05 ). When the interaction term in the model is significant
(p ≤ 0.10), simple effects means (treatment means for surfactant concentration grouped within auxin rate) followed by the same lower-case or upper-case letter are not
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significantly different using the Holm-Simulated method for multiple comparisons (α = 0.05); otherwise, the treatment means are presented without letter groupings for
informational purposes. NS = not significant
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Table 5.3

Results of surfactant co-application with foliar-applied root-promoting
compounds on rooting percentage, root number, average root length, root
quality, and growth of terminal stem cuttings of a ‘Little Gem’ southern
magnolia (Magnolia grandiflora 'Little Gem').
Rooting
(%)

Roots
(no.)

Avg. Length of three
longest roots (cm)

Root Quality
Ratingz

Significance of treatment factors
Surfactanty

NS

NS

NS

NS

Auxin Ratex

NS

NS

NS

NS

Surfactant×Auxin Rate

NS

NS

NS

NS

Least squares means for main effects
Surfactant

Auxin Rate

®

0 ppm Tween 20

11%

1.2 a

4.4 a

2.5 a

45%

1.2 a

3.6 a

2.5 a

0 ppm foliar IBA

0%

-

-

-

500 ppm foliar IBA

13%

0.7 A

3.2 A

2.0 A

1000 ppm foliar IBA

7%

1.2 A

4.2 A

2.6 A

1500 ppm foliar IBA

27%

1.5 A

5.0 A

2.8 A

2,500 basal quick-dip

27%

1.4 A

3.8 A

2.5 A

®

100 ppm Tween 20

Root Quality (1-5, with 1 = callused without roots and 5 = ≥ 10 roots); ySurfactant: 0 ppm Tween® 20 or 100
ppm Tween® 20 (Sigma-Aldrich Inc., St. Louis, MO); xAuxin rate: 0, 500, 1,000, or 1,500 ppm as a foliar
application or 2,500 ppm applied as a basal quick-dip; wWhen the interaction term (Surfactant×Auxin Rate) in
the model is not significant (p > 0.10), main effects means for levels within each treatment factor followed by
the same lower-case (surfactant concentration) or upper-case letter (auxin rate) are not significantly different
using the Holm-Simulated method for multiple comparisons (α = 0.05). NS = not significant
z
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Figure 5.1

Reference samples of semi-hardwood cuttings used for this study: (left-top)
average rose cutting; (left-center) average camellia cutting; (left-bottom) example
of wounding on Camellia japonica); (right-top) average magnolia cutting; (rightbottom) example of wounding on ‘Little Gem’ southern magnolia.
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CHAPTER VI
EFFECT OF CUTTING TIME, AUXIN APPLICATION METHOD, AND SURFACTANT
USE ON PROPAGATION OF Magnolia grandiflora ‘SOUTHERN CHARM’
Abstract
Foliar auxin applications are increasing in the nursery and greenhouse industry. However,
previous research has shown that insufficient auxin is being absorbed or translocated to the site
of action. Research was conducted to determine whether cutting time, adding surfactant to the
auxin solution, or the auxin application method impacted Magnolia grandiflora ‘Southern
Charm’ propagation. Terminal cuttings of ‘Southern Charm’ magnolia were taken at two times
of the year: spring and fall and sprayed to the drip point using a solution of Hortus IBA Water
Soluble Salts™ at concentrations of 0 ppm, 500 ppm, 1,000 ppm, or 1,500 ppm with and without
the non-ionic surfactant Regulaid®; or basally dipped for 3-sec in a solution of 2,500 ppm IBA.
For many of our tested responses, fall cuttings rooted better than spring cuttings. Fall cuttings
treated with 1,500 ppm foliar IBA solution plus 0.85 ppm Regulaid® had greater root numbers
than spring cuttings treated with less than 1,500 ppm IBA with or without Regulaid®, fall
cuttings treated with a 2,500 ppm basal quick-dip, a foliar application of 1,000 ppm or less
without Regulaid®, or fall cuttings receiving a foliar application of 0.85 ppm Regulaid®.
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Introduction
Research into foliar auxin application methods over the past decade indicated that onetime applications are the industry standard (Blythe et al., 2007; Kroin, 2014). When applied after
insertion into rooting medium, much lower concentrations (50 to 100 ppm) of auxin are required
compared to other conventional application methods for floriculture crops (Dole and Gibson,
2006). Overhead applications of water-soluble IBA are increasing in the nursery industry. Bailey
Nurseries Inc. in Minnesota and Oregon has been conducting repetitive on-farm trialing for the
fifteen years. Their results indicated that many of the taxa they commonly propagate respond
similarly to foliar-applied auxin compared to a traditional basal quick-dip. At Bailey Nurseries,
propagation trays and beds are treated with a single application of a water-soluble IBA solution
ranging from 250 to 2,000 ppm (Drahn, 2007). Decker’s Nursery in Ohio uses a battery-powered
backpack sprayer to treat their cuttings since it atomizes the auxin solution similarly to the mist
from the mist system and applies a very small droplet with excellent coverage over both the top
and bottom of the cutting (Decker and Graff, 2016). Since propagation areas vary in size,
overhead applications are applied via a backpack sprayer for small houses and reel-and-hose
sprayers for larger production areas. Both reel-and-house sprayers and backpack sprayers fall
under the classification of “hydraulic sprayers” (Bartok Jr., 2022). Hydraulic sprayers produce a
spray with most droplets in the 200 to 400-micron range, about twice the width of a human hair
(Bartok, 2022).
When applying an auxin solution overhead, Kroin (2014) of Hortus USA recommends to
“spray the solution evenly over the cuttings until drops fall onto the media”. To do this, Bailey
Nurseries aims to deliver 1 L of solution per 60 ft2. Currently, both Decker’s Nursery and Bailey
Nurseries generally treat their cuttings within 24h of being stuck, either at the end of each day or
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the following morning, but application occurring during the day in conjunction with frequent
mist intervals has not reduced efficacy (Drahn, 2007; Decker, 2016). Cuttings are treated in the
early morning or late afternoon due to both lower light levels and reduced misting requirements.
For both nurseries, the switch to overhead auxin application led to a decrease in plant material
handling and the time cuttings spend in cold storage and the preparation room, where problems
associated with lengthened exposure to low temperatures, low humidity, and/or handling can
occur (Drahn, 2007). In 2003, 99.6% of cuttings at Bailey Nurseries were quick-dipped and 0.4%
were treated with foliar applications. By 2007, the percentages had reversed, with 95% of all
propagated material being treated with overhead applications and 5.2% of material being quickdipped (Drahn, 2007). Currently, overhead applications of water-soluble IBA are used to treat
the following genera at Bailey Nurseries Minnesota operation: Acer, Berberis, Cornus, Diervilla,
Euonymus, Forsythia, Hydrangea, Juniperus, Lonicera, Philadelphus, Physocarpus, Rhus, Rosa,
Spiraea, Symphoricarpos, Syringa, Thuja, Viburnum, and Weigela. (Drahn, 2007).
Surfactants are common in agricultural production as penetration of the leaf cuticle is
required for efficacy of foliar-applied compounds (Robertson and Kirkwood, 1969).
Effectiveness of foliar-applied compounds depends on the ability to penetrate through the cuticle
and translocate to the site of action (White et al., 2002). Surfactants enhance penetration of these
chemicals by increasing the wetting capacity up to the critical micelle concentration (CMC),
defined as the concentration above which any added surfactant molecules appear with high
probability as micellar aggregates (Ruckenstein and Nagarajan, 1975; Lownds et al., 1987).
Research was conducted by Lownds et al. (1987) to determine the effects surfactants would have
on foliar penetration of NAA and NAA-induced ethylene production by cowpea [Vigna
unguiculata (L.) Walp. subsp. unguiculata cv. Dixielee]. This research indicated that foliar
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penetration of NAA was increased when co-applied with a surfactant (Pace, Regulaid®, or
Tween® 20) and all three induced similar qualitative changes in surface tension, contact angle,
and droplet: leaf interaction. All three surfactants increased the droplet: leaf ratio. However,
Regulaid® was the only surfactant tested that showed a correlation between NAA penetration and
interface area (Lownds et al., 1987).
When choosing a surfactant for plant production, several factors should be considered:
(1) it should be non-toxic to both the plant and the environment; (2) it should be a small
molecule that is water-soluble; (3) it should be non-ionic; (4) and it should be relatively effective
at decreasing surface concentration at a relatively low concentration (Colwell and Rixon, 1961).
While anionic and cationic surfactants are labeled and frequently used in plant production
(Dobozy and Bartha, 1976), using non-ionic surfactants are preferable since they do not affect
water hardness, nutrient balance, or enzymatic activity and are compatible with most herbicides
due to lack of activity with the foliar-applied chemical (Bayer and Foy, 1982).
The objective of this research was to evaluate whether time of year that cuttings were
taken or the addition of surfactants to foliar auxin solutions increased root growth and uniformity
compared to the industry-standard basal quick-dip for ‘Southern Charm’ magnolia (Magnolia
grandiflora ‘Southern Charm’).
Materials and methods
The research was conducted at the Mississippi State University South Mississippi Branch
Experiment Station located in Poplarville, Mississippi, USA (latitude 30° 50’ 38.328” N,
longitude 89° 32’ 13.704” W).
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Treatments
Treatments included four foliar auxin concentrations [0, 500, 1,000, and 1,500 ppm IBA
indole-3-butyric acid (IBA) (Hortus IBA Water Soluble Salts™; Phytotronics Inc., Earth City,
MO)] each at two concentrations of Regulaid® [(0 and 85 ppm) (KALO, Inc. Overland Park,
KS)]. Additionally, a basal quick-dip of 2,500 ppm IBA was used as an industry-based control.
Five-inch (12.7-cm), five-node terminal cuttings of Magnolia grandiflora ‘Southern Charm’
were harvested from established landscape plants and inserted into propagation medium to a
depth of 0.5-inch (1.3-cm) on two dates: 14 April 2021 and 15 November 2021. During cutting
preparation, a one-inch (2.54-cm) wound was applied to opposite sides of the basal end of the
cutting. Propagation medium was 100% pine bark placed into 3.5-inch (8.3-cm) square
production pots (T.O. Plastics, Inc., Clearwater, MN). Cuttings receiving foliar applications of
auxin were sprayed once to runoff with a 3.8-L battery operated sprayer (One World
Technologies, Inc., Anderson, SC). Pine bark for this experiment was sourced from Eakes’
Nursery Materials, Inc. (Seminary, MS) and delivered as a mix of 50% aged and 50% fresh bark
passed through a 3/8-inch (0.95-cm) screen. After treatment, cuttings were placed under
intermittent mist applied for 4 sec/4 min during daylight hours and adjusted as needed for the
duration.
In this experiment, a complete factorial (5 auxin rates × 2 surfactant concentration × 2
seasons) set of treatments within a completely randomized design was used with 15 cuttings per
treatment. Experimental design was a completely randomized design.
Data Collection
Data collected after 120 days included rooting percentage, shoot height, total root
number, average root length (three longest roots), and root quality (1-5, with 1=callused cuttings
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without roots and 5= ≥ 10 roots). Additionally, net photosynthetic rate (A) and stomatal
conductance (gsw) values were sampled between the hours of 7:30 A.M. and 11:30 A.M. using a
LiCOR 600 Handheld Porometer/Fluorometer (LI-COR Biosciences; Lincoln, NE).
Data were analyzed using linear and generalized linear models with the GLIMMIX
procedure of SAS (ver. 9.4; SAS Institute Inc., Cary, N.C.) by first testing for an interaction
between treatment factors (auxin rate, surfactant concentration, and season). When the three-way
interaction was significant, auxin rates were compared within surfactant concentration by season.
Mean separation was performed using the Holm-Simulated method for multiple comparisons to
maintain an overall significance level of α = 0.05.
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Results
‘Southern Charm’ Magnolia
The rooting percentage of ‘Southern Charm’ magnolia ranged from 26% to 87% but
neither surfactant, auxin rate, nor season impacted rooting percentage (Table 1). The use of
surfactant, auxin rate, and season did not affect stomatal conductance values (Table 1). The
three-way interaction between surfactant concentration, auxin rate, and the season was
significant for root number (Table 1). Fall cuttings treated with a 1,500 ppm foliar IBA plus 0.85
ppm Regulaid® resulted in greater root numbers than spring cuttings treated with less than 1,500
ppm IBA as a foliar application with or without Regulaid®, or fall cuttings treated with a 2,500
ppm basal quick-dip, a foliar application of 1,000 ppm IBA or less without Regulaid® or fall
cuttings receiving a foliar application of 0.85 ppm Regulaid®. The auxin rate impacted the
average length of the three longest roots (Table 1). Cuttings treated with a 1,000 ppm foliar
application of IBA had greater root lengths than those treated with the 2,500 ppm IBA quick-dip
or cuttings receiving a 0 ppm foliar application of IBA. The interaction between the auxin rate
and the season was significant for shoot heights (Table 1). For spring cuttings, a 2,500 basal
quick-dip led to greater shoot lengths than cuttings receiving a foliar spray of either 0 ppm IBA,
500 ppm IBA, or 1,000 ppm IBA (Figure 1). However, for fall cuttings, a 1,500 ppm IBA foliarapplied IBA led to greater shoot lengths than cuttings treated with a 0 ppm or a 500 ppm foliar
application of IBA or the 2,500 ppm solution applied as a basal quick-dip. Auxin rate and season
impacted net photosynthesis rate (A). Cuttings treated with foliar applications of 1,500 ppm IBA
had greater photosynthetic rates compared to cuttings treated with 0 ppm IBA. Cuttings taken
during the spring season had greater photosynthetic rates than cuttings taken in the fall.
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Discussion
The best rooting response for ‘Southern Charm’ southern magnolia were obtained using a
foliar spray of 1,500 ppm IBA compared to a 2,500 ppm basal quick-dip compared to foliar
applications of lower concentrations. The season that cuttings were taken had a significant
impact on root number, root quality ratings, and shoot growth. Fall cuttings had lower net
photosynthesis compared to spring cuttings. Previous research into the photosynthetic rate during
adventitious root formation suggested that the mass flow of hormones from newly formed roots
was the principal factor in the photosynthetic rate (Svenson and Davies, 1990). It has been
hypothesized that a correlation exists between a cutting’s photosynthetic rate and the ability of
the root initial to regulate endogenous hormone movement, regardless of if a root was visible
(Svenson and Davies, 1990). Physiologically, endogenous hormone concentrations decline over
the growing season (i.e., higher hormone concentrations in spring compared to fall) and could
potentially explain the differences in photosynthetic rates in this study.
For shoot growth, fall cuttings treated with a 1,500 ppm foliar application of IBA resulted
in longer shoot lengths than the 2,500 ppm IBA applied as a basal quick-dip or a foliar
application of 0 ppm IBA or 500 ppm IBA; however, spring cuttings treated with a 2,500 ppm
basal quick-dip had greater shoot lengths than cuttings treated with a 1,000 foliar application of
IBA or less. Nursery owners utilizing foliar auxin applications have reported slowed vegetative
growth in several woody species compared to using a basal quick-dip. Our results suggest that no
slowed vegetative growth occurred when utilizing a foliar application of IBA compared to a
basal quick-dip as shoot growth was similar between a 1,500 ppm foliar application of IBA and a
2,500 ppm basal quick-dip.
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Results from this trial and similar trials into foliar applications of auxin suggest that
benefits of foliar applications are species dependent (Blythe et al., 2004; Bowden et al., 2021).
For propagation of Magnolia grandiflora cultivars, the literature recommends higher hormone
rates (5,000 to 10,000 ppm) (Dirr and Heuser, 2006). Our results suggest that sufficient auxin
was absorbed from foliar applications and translocated to the site of root initiation so that root
response is comparable to a basal quick-dip for ‘Southern Charm’ magnolia. By using a foliar
application of 1,500 ppm IBA on a crop of ‘Southern Charm’ magnolia, growers can eliminate
the use of a basal quick-dip for propagation of this species.
Using current methods, propagators handle a cutting multiple times before the flat even
enters the propagation house, which results in higher labor costs for the producer. In addition,
having several people treating and sticking cuttings can result in a wide variability in rooting,
which can lead to production issues further down the process. In situations where foliar auxin
applications yield equal or better results compared to traditional quick-dips, propagators only
need to handle the cutting once while a licensed applicator can treat cuttings using a backpack
sprayer; thereby eliminating the potential for wide rooting variability. Additionally, by
eliminating the need to basally treat cuttings with a stock IBA solution, the propagator can also
remove the potential cross-contamination that can occur from potential pathogens that may be
present on the stem from unsanitary cutting implements or cutting health as influenced by
prolonged exposure to storage conditions before use. Potential pathogens introduced into the
propagation process through unsanitary practices can lead to cutting death and ultimately leads to
production issues further down the production process.
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Influence of surfactant concentration, auxin rate, and season on roots and shoots of ‘Southern Charm’ southern
magnolia (Magnolia grandiflora 'Southern Charm').

Table 6.1

Shoot
Height (cm)

Root Quality
Ratingz

Net
Photosynthesis
(A) (µmol·m-2·s-1)

Stomatal
Conductance (gsw)
(mol·m-2·s-1)

0.0013
<0.0001
<0.0001
NS
<0.0001
NS
NS

0.0145
<0.0001
0.0045
NS
NS
NS
NS

NS
0.048
<0.0001
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS

28%
1.1 b
7.6 a
1.1 b
2.3 b
28%
1.4 a
7.6 a
2.5 a
2.7 a
0 ppm foliar IBA
50%
0.9 C
6.4 C
0.4 C
2.0 C
500 ppm foliar IBA
43%
1.1 BC
7.8 ABC
1.4 BC
2.3 BC
1,000 ppm foliar IBA
62%
1.2 B
8.9 A
2.6 AB
2.4 BC
1,500 ppm foliar IBA
70%
1.7 A
8.3 AB
3.4 A
3.2 A
2,500 basal quick-dip
56%
1.5 A
6.5 BC
1.1 BC
2.9 AB
Spring
54%
1.1 B
7.6 a
0.66 B
2.3 b
Fall
59%
1.5 A
7.6 a
2.9 A
2.8 a
Treatment least squares means grouped by surfactant concentration within auxin rate by season
Auxin Rate
Season
0 ppm foliar IBA
33%
0G
8.4
0
1.6
500 ppm foliar IBA
33%
0.4 FG
8.5
0
1.6
1000 ppm foliar IBA
60%
0.8 EFG
8.2
0
2.1
1500 ppm foliar IBA
53%
1.6 ABCDE
8.9
0.6
2.6
2,500 basal quick-dip
Spring
60%
1.7 ABCD
6.2
2
3.1
0 ppm foliar IBA
73%
0.9 DEFG
5.3
0.7
2
500 ppm foliar IBA
26%
0.3 FG
7
0
1.7
1000 ppm foliar IBA
80%
1.0 CDEFG
9.7
0.9
2.2
1500 ppm foliar IBA
73%
1.7 ABC
8
1.8
3.1
0 ppm foliar IBA
40%
1.3 BCDEF
6.4
0
2.3
1.2
500 ppm foliar IBA
60%
BDCEFG
7.3
0.9
2.4
1.2
1000 ppm foliar IBA
46%
BCDEFG
8.6
4.5
2.3
1500 ppm foliar IBA
66%
1.6 ABCD
7.4
3.9
3
Fall
2,500 basal quick-dip
53%
1.3 BCDEF
6.7
0.3
2.4
0 ppm foliar IBA
53%
0.9 EFG
6.7
1.5
2.1
500 ppm foliar IBA
60%
1.8 AB
8.2
4
3.2
1000 ppm foliar IBA
60%
1.6 ABCD
8.7
4.6
3
1500 ppm foliar IBA
87%
2.0 A
8.9
6.6
3.9

3.6 a
4.3 a
3.2 B
4.0 AB
4.2 AB
4.7 A
3.6 AB
6.0 a
1.9 b

0.1 a
0.1 a
0.1 A
0.1 A
0.1 A
0.13 A
0.1 A
0.1 a
0.1 a

5.1
7.4
6.2
6.2
7.4
4.9
5.6
5.6
7.7
1.3

0.10
0.12
0.08
0.11
0.12
0.07
0.06
0.06
0.10
0.08

1.1

0.07

2.1
2.2
1
1.3
3
2.6
2.9

0.14
0.14
0.06
0.08
0.17
0.14
0.15

Rooting
(%)
Surfactanty
Auxin Ratex
Season
Surfactant × Auxin Rate
Auxin Rate × Season
Surfactant × Season
Auxin Rate × Surfactant ×Season
Surfactant
0 ppm Regulaid®
0.85 ppm Regulaid®

Surfactant

0 ppm

Regulaid®

0.85 ppm Regulaid®

0 ppm

Regulaid®

0.85 ppm Regulaid®

NS
NS
NS
NS
NS
NS
NS
Auxin Rate

Roots
Avg. Length of three
(no.)
longest roots (cm)
Significance of treatment factors
0.006
NS
<0.0001
0.0018
<0.0001
NS
NS
NS
<0.0001
NS
NS
NS
0.0026
NS
Least squares means for main effects

Season
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Quality (1-5, with 1 = callused without roots and 5 = ≥ 10 roots); ySurfactant: 0 ppm Regulaid® or 0.85 ppm Regulaid® (KALO Inc., Overland Park, KS); xAuxin rate: 0, 500, 1,000, or 1,500 ppm as a
foliar application or 2,500 ppm applied as a basal quick-dip; wWhen the interaction term (Surfactant×Auxin Rate×season) in the model is not significant (p > 0.10), main effects means for levels within each
treatment factor followed by the same lower-case or upper-case letter are not significantly different using the Holm-Simulated method for multiple comparisons (α = 0.05). When the interaction term in the
model is significant (p ≤ 0.10), simple effects means (treatment means for surfactant grouped within auxin rate by season) followed by the same lower-case or upper-case letter are not significantly different
using the Holm-Simulated method for multiple comparisons (α = 0.05); otherwise, the treatment means are presented without letter groupings for informational purposes. NS = not significant
zRoot
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Figure 6.1

Shoot lengths of Magnolia grandiflora ‘Southern Charm’ as influenced by auxin
rate and cutting time
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CHAPTER VII
CONCLUDING REMARKS
There are numerous reports of novel propagation methods in the popular literature;
however, these reports were never verified in a scientific setting. Through five studies, we aimed
to determine the effect that honey would have as an adjuvant on the rooting of plants, and the
effect that the addition of surfactants to auxin solutions applied in a foliar manner would have on
plant species with varying degrees of rooting difficulty. We thought these novel methods would
improve plant physiological responses compared to basal quick-dips of auxin solutions.
In the first and second study, we determined that adding three types of honey to watersoluble auxin solutions did not increase our tested physiological responses compared to cuttings
treated with only water-soluble auxin solutions. However, in the second study, a synergy
between honey source and auxin rate was noted for camellia root numbers while honey source
positively impacted root numbers and root quality of magnolia. However, small-scale producers
may see some economic benefit with adding honey to their solutions as the added cost required
could be passed onto the consumer by marketing the plant as being grown with natural products
instead of chemicals while potentially selling locally produced honey with the plant material.
The next logical step evaluating honey as a rooting aid is determining the effect honey treatments
would have on controlling soil-borne pathogens. There may be some merit in determining how
adding honey to tissue culture media controls potential contamination. Tissue culture is a highdollar industry and could offset the cost of adding honey to media if both pathogenic
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contamination control is observed and the development of shoot and root in vitro is increased.
Recent research into the antimicrobial activities of oligosaccharides derived from seaweeds has
shown excellent plant growth stimulation and defense against soil-borne pathogens. Several
“liquid seaweed” fertilizers have been reported to have stimulatory effects on the growth and
development of plants. Much like the work presented in this dissertation, the evaluation of such
claims has not been proven in a scientific setting. However, these claims warrant further
investigation, much like the evaluation of honey presented in this dissertation.
In the fourth, fifth, and sixth chapters, the value of adding non-ionic surfactants to auxin
solutions for rooting cuttings was species-dependent. This result concurs with previous studies
on foliar applications of auxin. In cases where a foliar auxin application was equally as effective
as a basal quick-dip, switching to foliar auxin applications can streamline the propagation
process, and eliminate the potential for cross-contamination that can occur when a basal quickdip is used. The results gathered from these studies warrants additional research into how other
plant species respond to foliar auxin applications. Further research is also warranted on other
formulations of non-ionic surfactants, as well as different auxin formulations. One such auxin
formulation that has recently come onto the market is Advocate® from Fine Americas, LLC.
Unlike Hortus water-soluble salts. Advocate® is a liquid formulation and is already in solution
with the carrier. Both Hortus® and Advocate® contain 20% IBA. While issues with precipitate
forming in our auxin solution were not noticed in the studies contained within, the possibility is
always there. The use of surfactant may also be species-specific, as was the case with Tween® 20
versus Regulaid® on the propagation of camellia. Further study is warranted on how foliar auxin
application co-applied with Tween® 20 would affect the physiological responses of ‘Southern
Charm’ southern magnolia.
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